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EXECUTIVE  SUMMARY 

In  a  study  to  document  cases  of  soil  and  ground  water  treatment  technologies  used  in 
Ontario,  24  companies  were  contacted  to  canvass  information.  The  purpose  of  this  study  was 
to  determine  which  technologies  are  in  common  use  and  thereby  provide  a  data  base  for 
MOEE  staff  when  remediation  technologies  are  under  consideration  by  site  owners  for  the 
cleanup  of  contaminated  sites.  As  a  result  of  this  survey,  4  soil  treatment  technologies  and 
2  ground  water  treatment  technologies  were  found  to  be  in  common  use  to  deal  with 
contaminated  sites.  Bioremediation,  soil  vapour  extraction  (SVE),  low  temperature  thermal 
desorption  (LTTD),  and  air  sparging  are  used  commonly  for  soil  treatment,  and  activated 
carbon  filtration  and  air  sparging  are  used  commonly  to  treat  contaminated  ground  water. 
These  technologies  are  used  almost  exclusively  to  treat  contamination  due  to  petroleum  and 
other  light-fraction  hydrocarbons,  and  the  use  of  SVE  and  LTTD  appear  to  be  most  effective 
in  the  treatment  of  soils  contaminated  with  these  contaminants.  In  the  application  of  all 
technologies,  the  design  of  individual  systems  can  vary  considerably  and  require  site-specific 
engineering  and  maintenance  to  achieve  the  applicable  soil  cleanup  guidelines  in  Ontario. 
Vendor  claims  regarding  a  specific  technology  to  treat  contaminated  soil  cannot  be  evaluated 
because  there  is  virtually  no  substantive  project  data  and  often  a  combination  of  technologies 
is  used,  making  the  assessment  of  the  effectiveness  of  individual  technologies  within  a  "black 
box"  system  difficult. 

The  excavation  and  disposal  of  contaminated  soil  at  approved  landfill  sites  is  still  the  most 
common  form  of  site  remediation  in  the  province  because  of  a  combination  of  factors  that 
include  cleanup  costs,  timing,  post-cleanup  liability,  and  dealing  with  contaminants  that  do 
not  lend  themselves  readily  to  treatment  by  a  cost-effective,  proven  technology. 

Included  as  an  appendix  in  the  report  is  most  recent  documentation  of  demonstration  projects 
throughout  Canada  of  emerging  site  remediation  technologies  funded  by  The  National 
Contaminated  Sites  Remediation  Program    of  the  CCME. 
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SITE  REMEDIATION  TECHNOLOGIES  USED  IN  ONTARIO 


INTRODUCTION 

A  study  was  undertaken  to  document  cases  of  soil  and  ground  water  treatment  technologies 
used  in  Ontario  to  provide  a  data  base  for  MOEE  decisions  on  technologies  that  are  used  in 
the  cleanup  of  contaminated  sites.  Although  the  intent  is  to  document  cases  pertaining  to 
Ontario,  technologies  reported  in  other  jurisdictions  by  the  respondents  are  also  included  in 
the  appendices.  To  obtain  data  for  this  study,  a  cross-section  of  site  remediation  companies 
that  were  either  in  the  business  of  providing  a  technology,  consultants  who  undertake 
cleanups  for  clients,  or  major  site  owners  who  undertake  cleanups  of  their  properties  were 
contacted  and  asked  to  provide  information  in  the  form  of  reports  or  other  documentation  of 
site  remediation  cases  from  their  files.  In  addition,  the  MOEE  Regional  offices,  the  Approvals 
Branch,  and  the  Security  Account  Office  were  canvassed  for  the  same  information. 

The  following  organizations  were  canvassed: 

•Arcturus  Environmental  (*) 

•Barenco  Inc  (**) 

•BioQuest  Environmental  Co  Ltd  (*) 

•Canada  Soil  Exchange  Ltd 

•Canadian  Environmental  Industry  Association 

•Canadian  Petroleum  Products  Institute 

•CH2M  Hill  Engineering 

•Conestoga-Rovers  &  Associates  Ltd  (*) 

•Gartner  Lee  Associates  Ltd  (*) 

•Grace  Dearborn  Inc  {**) 

•Groundtrax  Inc 

•Groundwater  Technology  Canada  Ltd  (*) 

•Greenwood  Environmental  Inc 

•HTB  AGRA  Limited 

•Imperial  Oil  Ltd  (*) 

•Laidlaw  Environmental  Services  (*) 

•Marshall  Macklin  Monaghan 

•O'Connor  Associates  Environmental  lnc(*) 

•Ontario  Hydro  {*) 

•Petro-Canada  (*) 

•Proctor  &  Redfern  Ltd  {*) 

•Shell 

•Sunoco 

•Trow  Consulting  Engineers  Ltd 

(*)  indicates  response  obtained  and  case  study  sheets  included  in  this  report 
(•*)  indicates  response  obtained  but  not  enough  site-specific  information  is  available  to 
complete  case  study  sheets;  general  site  remediation  project  information  is  discussed  in  the 
text  of  the   report 
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The  generic  information  sought  from  each  contact  is  shown  on  the  case  study  sheets  in  the 
appendices.  Field  visits  were  made  to  a  number  of  sites  to  asses  the  process  being  used  and 
to  gather  data  on  the  application  of  the  process. 

Not  all  contacts  were  able  to  provide  the  sought  information  and  in  some  cases  no  information 
was  provided  at  all,  even  though  the  contacts  indicated  that  they  were  actively  involved  in 
site  remediation  in  Ontario.  Client  confidentiality  was  cited  as  the  prime  reason  for  not  being 
able  to  provide  information  freely  on  projects  that  a  company  had  carried  out  in  the  past.  The 
amount  of  detail  on  each  case  also  varies  due  to  the  amount  of  information  provided  by  each 
respondent,  and  the  information  provided  by  each  respondent  was  not  validated  by  the  author 
of  this  report. 

Although  not  explicitly  stated  by  each  respondent,  it  is  assumed  that  the  use  of  a  particular 
technology  has  resulted  in  the  reduction  of  the  contaminant  levels  down  to  a  criteria 
acceptable  to  a  regulatory  agency.  In  case  of  Ontario  sites,  the  criteria  would  be  governed  by 
the  Ontario  cleanup  guidelines  in  force  at  the  time  of  the  cleanup.  The  criteria  are  often 
different  for  sites  throughout  the  USA,  and  are  governed  by  the  individual  State  or  Federal 
guidelines.  Information  on  the  specific  cleanup  criteria  was  not  available  from  the  respondents. 

An  indication  of  the  emerging  site  remediation  technologies  in  Canada  are  shown  in  Appendix 
C.  These  information  sheets  relate  to  The  National  Contaminated  sites  Remediation  Program 
and  consist  of  research  and/or  demonstration  projects  that  were  funded  jointly  by  the 
respective  provinces  and  Environment  Canada's  DESRT  program  (Development  and 
Demonstration  of  Site  Remediation  Technology).  Some  of  these  projects  are  on-going  as  of 
September  1995,  and  the  information  sheets  are  current  as  of  this  date.  These  information 
sheets  are  included  only  for  information  purposes  and  not  discussed  any  further  in  the  report. 


COMMON  SITE  REMEDIATION  TECHNOLOGIES 

The  cleanup  of  a  contaminated  site  involves  the  removal  and  /or  treatment  of  the  source  of 
the  contamination,  usually  buried  in  the  soil  or  on  the  surface  of  the  ground,  and  the  control 
and  treatment  of  contaminated  ground  water.  The  removal  and/or  treatment  of  contaminated 
soil  is  usually  a  first  priority  and  must  be  achieved  before  any  attempts  at  ground  water 
control  and  treatment  can  be  undertaken.  Most  of  the  site  remediation  technologies 
documented  in  this  report  relate  to  the  treatment  of  contaminated  soil,  with  only  minimal 
documentation  and  discussion  of  the  treatment  of  contaminated  ground  water.  Ground  water 
treatment  technologies  will  be  documented  in  detail  in  a  separate  MOEE  publication  due  to  be 
published  in  the  latter  part  of  1995. 

Traditional  soil  treatment  technologies  claimed  to  be  available  commercially  are: 

In-situ  technologies 

-  bioremediation  * 

-  soil  vapour  extraction  * 

-  soil  leaching 

-  solidification/stabilization 

-  air  sparging  * 
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Ex-situ  technologies 

-  bioremediation  * 

-  low  temperature  thermal  desorption  * 

-  high  temperature  thermal  desorption 

-  soil  washing 

-  solidification/stabilization 

-  solvent/chemical  extraction 

*  -  commonly  used  in  Ontario  and  discussed  in  this  report 

Traditional  ground  water  treatment  technologies  available  commercially  include  the  following: 

In-situ  technologies 

-  active  and  passive  free  product  recovery  system  (applicable  to  products  that  areimmiscible 
in  water)  * 

-  bioremediation 

-  air  sparging  * 

Ex-situ  technologies 

-  product/ground  water  separation 

-  oxidation 

-  air  stripping 

-  activated  carbon  filtration  * 

-  membrane  technologies 

-  bioreactors 

•  -  commonly  used  in  Ontario  and  discussed  in  this  report 


There  are  excellent  reviews  of  soil  and  ground  water  treatment  technologies  available  in  the 
literature  and  all  of  these  technologies  will  not  be  reviewed  in  this  report.  Only  those  that  have 
been  found  to  be  in  common  use  in  Ontario  will  be  discussed. 

In  Ontario,  the  excavation  and  disposal  of  contaminated  soil  at  licensed  landfills  is  by  far  the 
most  common  method  of  site  remediation.  This  method  of  cleanup  is  a  reflection  of  the 
combination  of  generally  competitive  cost,  the  ease  and  timing  for  the  cleanup,  and  the 
general  lack  of  availability  of  proven  technologies  for  the  cleanup  of  contaminants  that  are  not 
volatile  or  water  soluble.  With  the  excavation  and  disposal  option  there  is  no  need  for  long 
term  monitoring  of  the  site  after  cleanup,  and  the  assurance  that  the  site  is  cleaned  to 
established  criteria  can  be  readily  demonstrated  in  most  cases.  For  the  purpose  of  this  report, 
the  excavation  and  disposal  of  contaminated  soil  is  not  considered  a  remediation  technology 
and  it  is  not  discussed. 
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According  to  results  of  this  study,  the  most  common  technologies  used  to  treat  contaminated 
soils  in  Ontario  are  bioremediation,  soil  vapour  extraction,  thermal  desorption,  and  air 
sparging,  and  any  combinations  of  these  technologies  at  any  one  site.  This  is  not  to  imply  that 
these  technologies  are  the  only  ones  that  are  used,  but  rather  that  these  are  the  ones  most 
often  used  technologies  in  attempts  to  deal  with  contaminated  soils  in  Ontario.  These 
technologies  are  applicable  mainly  to  petroleum  hydrocarbons  and  similar  light-fraction  organic 
contaminants  in  which  volatile  organic  compounds  (VOC)  are  common  and  lend  themselves 
readily  to  treatment  by  these  technologies. 

The  specific  technology  or  combination  of  technologies  used  at  a  site  to  treat  soils  are 
governed  by  the  type  of  contaminant,  the  cost  of  using  the  technology,  soil  type  and  site 
conditions,  and  the  time  available  for  the  remediation  to  reduce  the  contaminants  to  the 
required  criteria.  Excavation  and  disposal  of  the  contaminated  soil  is  still  the  most  common 
method  of  site  remediation  in  the  Province  when  time  is  of  essence  and  where  non-volatile 
organics  are  the  main  soil  contaminants. 

Only  after  the  source  of  contamination  is  removed  from  the  soil  can  contaminated  ground 
water  be  dealt  with.  The  cleanup  of  ground  water  is  in  two  separate  parts;  the  control  and 
extraction  of  contaminated  ground  water  in  the  contaminant  plume,  and  the  treatment  of 
contaminated  ground  water  on  the  surface.  The  latter  process  is  often  referred  to  as  "pump 
and  treat"  and  in  itself  is  not  a  remediation  technology.  In  some  situations  the  process  of 
pumping  and  treatment  of  contaminated  ground  water  is  used  as  an  interim  measure  to 
control  the  spread  of  contaminated  ground  water  while  the  source  of  contaminant  in  the  soil 
is  being  dealt  with. 

The  most  common  ground  water  treatment  technology  involves  ground  water  pumping  and 
treatment  on  the  surface,  or  in  some  cases  air  sparging  as  an  in-situ  treatment.  Ground  water 
treatment  on  the  surface  is  usually  in  the  form  of  activated  charcoal  filtration. 

Ground  water  cleanup  through  solely  pumping  and  surface  treatment  usually  takes  a  long  time 
as  evidenced  by  an  example  provided  by  Laidlaw  Environmental.  The  cleanup  involved  a 
trichloroethylene  contamination  at  an  eastern  Ontario  electronics  systems  manufacturing  plant 
in  which  the  ground  water  was  pumped  through  a  series  of  collection  wells  and  treated 
through  45  micron  filtration  and  activated  carbon  adsorption  system  at  a  design  rate  of  200 
litres  per  minute.  The  original  TCE  concentration  in  ground  water  was  in  the  250  ppb  range 
and  had  to  be  reduce  to  non-detectable  levels.  Although  the  annual  TCE  levels  have  been 
falling,  the  system  has  been  in  place  for  4  years  and  estimates  of  20  years  to  collect  ail  of  the 
TCE  have  been  made.  Capital  cost  of  the  system  has  been  $1 .0  million  and  an  average  annual 
operating  cost  of  $200K  to  $300K  make  this  remediation  an  expensive  system  with  a  long 
time-frame  for  total  cleanup. 

A  similar  example  of  projected  long-term  ground  water  remediation  through  pumping  and 
treatment  is  documented  in  Case  Study  #21  at  Rednersville. 
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Soil  and  ground  water  remediation  technologies  used  in  the  field  are  never  a  simple  technology 
described  in  text  books,  but  rather  systems  engineered  to  meet  specific  needs  of  the  site  and 
contaminants  of  concern.  These  systems  often  need  intricate  engineering  to  combine  and 
enhance  the  basic  systems,  followed  by  constant  monitoring  and  system  maintenance,  to  be 
effective  and  reduce  the  time  required  for  successful  remediation.  As  the  complexity  of  the 
systems  increase,  so  do  the  costs,  and  often  this  is  the  limiting  factor  in  what  technologies 
will  be  used  to  remediate  soil  and  ground  water  contamination.  The  alternative  is  to  simply 
excavate  the  contaminated  soil  and  dispose  of  it  at  a  licensed  facility  and  deal  with  the 
contaminated  ground  water  if  it  is  a  problem. 

The  following  descriptions  are  of  basic  soil  and  ground  water  treatment  technologies  and  not 
meant  to  reflect  the  variety  of  combinations  of  systems  actually  used  in  the  field.  Examples 
of  the  combinations  of  technologies  are  indicated  in  the  case  study  sheets  for  individual 
projects. 


COMMON  SOIL  TREATMENT  TECHNOLOGIES 


Bioremediation 

Basic  bioremediation  systems  are  either  "natural"  or  "enhanced",  and  in-situ  or  ex-situ.  The 
classification  of  bioremediation  into  natural  of  enhanced  systems  is  often  confusing  in  the 
literature  and  for  the  purpose  of  this  report  a  natural  system  refers  to  one  that  uses  indigenous 
bacteria  at  a  site,  whereas  an  enhanced  system  utilizes  other  than  indigenous  bacteria  to  deal 
with  the  specific  contaminant.  Both  systems  may  be  used  in  combination  with  other  soil 
treatment  technologies  such  as  air  sparging  and  soil  vapour  extraction. 

Most  common  bioremediation  systems  in  use  are  aerobic  processes  that  require  some  degree 
of  engineering  to  provide  the  addition  of  nutrients,  moisture,  and  oxygen  (from  air)  for 
optimum  performance,  and  most  systems  in  use  consist  of  combinations  of  these  engineered 
systems.  The  successes  of  these  systems  vary  according  to  the  engineering  and  the  site 
conditions  and  contaminants  of  concern. 

In  general,  the  following  equation  demonstrates  the  basic  aerobic  bioremediation  formula: 


ORGANIC  POLLUTANT  +   BACTERIA   +   NUTRIENT   +  OXYGEN  =»  CARBON  DIOXIDE   + 
WATER  +  BIOMASS 


The  use  of  non-indigenous  bacteria  slurries  and  mixtures  is  often  used  to  deal  with  organic 
contaminants  other  than  the  light  fraction  organics,  and  the  formulae  for  these  mixtures  are 
proprietary  and  designed  specifically  for  the  particular  situation. 
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Natural  bioremediation  is  most  applicable  to  light-fraction  petroleum  hydrocarbons  such  as 
gasoline,  diesel  and  heating  fuels  (Table  1),  and  enhanced  bioremediation  can  treat  soils 
contaminated  with  highly-chlorinated  biphenyls,  some  pesticides,  and  other  complex  organic 
contaminants. 

The  claimed  advantages  of  bioremediation  include  low  cost  and  that  it  can  be  used'  in 
combination  with  other  remediation  technologies  such  as  illustrated  by  the  Groundwater 
Technology  Inc.  diagram  shown  in  Figure  1 .  Its  main  disadvantage  is  that  it  may  take  a  long 
time  to  accomplish  the  remediation,  and  it  is  not  suitable  for  all  types  of  contaminants,  as  for 
example,  trace  metals.  In  addition,  the  effectiveness  of  the  cleanup  due  to  biodegradation  is 
uncertain  and  questions  remain  as  to  the  actual  process  that  is  responsible  for  the  of  soil 
treatment.  Because  most  of  the  bioremediation  cases  pertain  to  petroleum  hydrocarbons  that 
are  volatile,  the  amount  of  volatilization  versus  biodegradation  is  not  clear  and  the 
volatilization  of  hydrocarbons  may  be  enhanced  by  the  addition  of  air  that  is  also  necessary 
to  provide  oxygen  for  the  aerobic  bacteria. 

An  in-situ,  enhanced  bioremediation  process  is  provided  by  Bio  Quest  (case  studies  #1  and 
#3).  The  process  involves  the  injection  of  oxygenated  water,  nutrients  and  microbes  into  the 
unsaturated  soil  to  treat  soils  contaminated  with  petroleum  hydrocarbons.  The  process  does 
not  apply  to  other  types  of  contaminants  because  the  microbes  are  specially  adapted  to  deal 
only  with  light-fraction  hydrocarbons.  Treatment  durations  are  claimed  to  vary  generally  from 
30  to  45  days  to  achieve  soil  cleanup  criteria  in  Ontario. 

A  typical  ex-situ,  natural  bioremediation  process  is  operated  by  Petro-Canada  at  a  soil 
remediation  site  in  Mississauga  (Study  Case  #  15).  The  process  involves  a  fully  engineered 
site  where  excavated  soil  contaminated  with  petroleum  hydrocarbons  is  placed  in  a  lined  cell. 
Regular  tilling,  the  addition  of  nutrients  and  moisture  to  the  soil  provide  indigenous  bacteria 
the  conditions  required  for  growth  and  biodegradation  of  the  hydrocarbons.  Treatment 
duration  is  approximately  2  to  3  weeks. 

In  both  of  the  above  examples  of  bioremediation,  petroleum  hydrocarbons  are  the  main 
contaminants  of  concern  and  the  cleanup  criteria  involve  levels  II  and  III  of  the  Ontario  Interim 
Guideline  for  the  Assessment  and  Management  of  Petroleum  Contaminated  Sites  in  Ontario. 

The  application  of  the  Daramend  bioremediation  technology  by  Grace  Dearborn  to  deal  with 
chlorophenols  (CPs)  and  polynuclear  aromatic  hydrocarbons  (PAHs)  has  been  demonstrated 
at  the  former  Domtar  Inc.  wood  preserving  site  in  Trenton,  Ontario,  and  on  sediments  from 
Hamilton  Harbour.  This  technology  was  developed  under  the  sponsorship,  and  is  owned  by, 
the  Government  of  Canada,  with  partial  research  funding  provided  by  the  Ontario  Ministry  of 
the  Environment  and  Energy.  Grace  Dearborn  Inc.  has  acquired  the  licence  for  worldwide 
application  of  this  technology.  The  two  demonstration  projects  indicated  significant 
reductions  in  CPs  and  PAHs  and  this  technology  should  provide  an  alternative  for  the 
treatment  of  soils  contaminated  with  these  chemicals.  Estimated  cost  using  the  Daramend 
bioremediation  technology  at  the  two  sites  was  approximately  $105/tonne. 
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Table    1 .   Examples   of   some   common   contaminants  and   their   susceptibility   to   natural 
biodegradation 


RELATIVELY  NON-BIODEGRADABLE 

CARBON  TETRACHLORIDE 

HEXANE 

0-XYLENE 

M-XYLENE 

ETHYLBENZENE 

HIGHLY  CHLORINATED  BIPHENYLS 

VINYL  CHLORIDE 

DDT 


MODERATELY  BIODEGRADABLE 

ETHYL  ETHER 
GASOLINE 
MINERAL  SPIRITS 
STYRENE 
ETHYLENE  GLYCOL 


BIODEGRADABLE 

P-XYLENE 

TOLUENE 

JET  FUEL 

KEROSENE 

NAPHTHALENE 

BENZENE 

BIPHENYL 

ACETONE 
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Remediation  System  Schematic 


The  bioremediation  system  design  includes  the  following  primary  functions:  groundwateil  ^ 
recovery,  treatment,  and  reinjection;  vapor  extraction  and  discharge;  stimulation  of 
in  situ  bioremediation  by  subsurface  introduction  of  inorganic  nutrients  and  oxygen; 
and  separate-phase  hydrocarbon  recovery. 


I 


Figure  1.  Schematic  diagram  of  a  bioremediation  system  operated  in  conjunction  with  other 
remediation  technologies  (reprinted  with  permission  from  Groundwater  Technology  Inc.) 
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Soil  Vapour  Extraction  (SVE) 

Soil  vapour  extraction  is  used  generally  as  an  in-situ  technology  that  involves  the  removal  of 
volatile  organic  contaminants  from  unsaturated  subsurface  soils  or  limited  amounts  of  shallow 
ground  water  by  the  vacuum  extraction  of  soil  vapours  from  the  soil.  Sometimes  SVE  is  used 
in  combination  with  air  forced  through  the  soil  matrix  to  provide  oxygen  and  enhance  the 
movement  of  air  through  the  system.  A  typical  simple  SVE  system  is  shown  in  Figure  2.  The 
field  applications  of  in-situ  SVE  systems  are  almost  never  simple  and  are  usually  engineered 
together  with  separate-phase  contaminant  recovery,  air  injection  systems  and/or  other 
treatment  technologies  such  as  in-situ  bioremediation.  (Figure  1).  The  effectiveness  of  soil 
vapour  extraction  systems  may  be  enhanced  by  air  sparging  if  the  soil  is  contaminated  below 
the  water  table. 

The  collected  vapours  often  contain  moisture  that  requires  separation  from  the  vapour  phase 
and  both  the  vapours  and  liquid  require  individual  treatment  before  being  discharged.  The 
vapours  can  be  treated  by  an  activated  carbon  bed,  a  catalytic  converter,  or  by  an  internal 
combustion  unit  (ICU)  before  being  discharged  into  the  air.  The  carbon  treatment  is  effective 
when  small  volumes  of  lower  concentration  vapours  are  involved,  and  the  ICU  is  used  when 
larger  volumes  of  high  concentration  vapours  are  extracted.  The  liquid  is  usually  treated  in  an 
aeration  unit  or  through  an  activated  carbon  system  before  being  discharged. 

Soil  vapour  extraction  systems  are  governed  to  a  large  degree  by  the  volatility  and  solubility 
of  the  contaminant  (Figure  3),  and  are  most  effective  on  volatile  organics  such  as  gasoline, 
fuel  oils,  solvents  and  other  light-fraction  organics  (Table  2).  They  are  usually  not  effective 
by  themselves  in  removing  contaminants  from  ground  water.  For  soil  vapour  extraction 
systems  to  work,  the  soil  has  to  be  unsaturated,  porous  (hydraulic  conductivity  greater  than 
10"^  cm/s),  and  the  site  conditions  have  to  be  such  that  the  soil  vapours  can  be  readily 
captured  by  the  extraction  system.  Although  vertical-pipe  collection  system  are  most 
common,  horizontal  piping  collection  systems  can  be  used,  especially  in  inaccessible  locations. 

A  typical  soil  vapour  extraction  system  is  indicated  in  Case  Study  #  6.  The  process  consists 
of  well  points  drilled  into  the  unsaturated  zone  to  extract  BTEX  compounds,  together  with  free 
product  skimming  on  top  of  the  water  table.  Air  sparging  below  the  water  table  helps  to  treat 
the  contaminated  soil  and  ground  water  at  the  site.  Because  of  the  large  size  of  this  site, 
remediation  is  expected  to  last  up  to  5  years. 

The  success  of  soil  vapour  extraction  systems  depend  to  a  great  extent  on  the  degree  of 
engineering,  monitoring  and  adjustments  made  to  the  system  after  installation.  Vapour 
capture  efficiencies  can  vary  considerably  due  to  the  density  of  the  extraction  points  in  the 
soil  and  the  design  of  the  extraction  points.  The  ability  to  design  and  adjust  the  system  to  the 
existing  soil  conditions  is  of  paramount  importance  to  establish  an  efficient  system  that 
achieves  the  desired  results  in  the  required  time.  A  prerequisite  in  all  cases  is  a  permeable  soil, 
whether  in-situ  or  ex-situ,  to  allow  an  even  flow  of  air  through  the  contaminated  soil. 
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Table  2.  The  general  effectiveness  of  soil  vacuum  extraction  for  removing  different  types  of 
common  contaminants  from  soil 


Very  Moderately  Not 

Contaminant  Effective  Effective  Effective 


Chlorinated  Volatile 
Solvents  (TCE,  PCE,  etc.) 


Volatile  Petroleum 
Products  (  gasoline,  etc. 


Semi-Volatile  Petroleum 
Products  (mineral  spirits, 
fuel  oil,  etc.) 


Non-Volatile  Organics  and 
Inorganics  (PCBs,  dioxins, 
lead,  arsenic,  etc.) 
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Low  Temperature  Thermal  Desorption 

Low  temperature  thermal  desorption  (LTTD)  has  been  used  effectively  in  Ontario  in  numerous 
cases  to  deal  with  contaminants  that  are  not  readily  handled  by  bioremediation  or  soil  vapour 
extraction  systems.  There  are  a  number  of  LTTD  units  that  are  approved  by  the  Ontario 
Ministry  of  the  Environment  and  Energy  for  use  in  Ontario.  This  process  requires  the 
excavation  of  the  contaminated  soil  and  consists  of  heating  the  soil  to  a  temperature  in  the 
range  of  300°Cto400°C  to  volatilize  the  contaminants.  The  vapours  are  collected  as  gas  and 
are  passed  through  an  air  emission  control  system  and  recovered,  or  through  a  secondary 
treatment  unit  where  they  are  incinerated.  The  clean  soil  is  usually  left  on  site  as  fill.  A  basic 
LTTD  is  shown  schematically  in  Figure  4.  Most  often  these  systems  are  mobile  and  are  set 
up  at  the  site  being  remediated.  Each  individual  proprietary  system  varies  in  design  and 
engineering. 

The  efficiency  and  rate  of  treatment  by  LTTD  are  determined  by  soil  moisture,  soil  type  and 
homogeneity,  and  the  type  and  concentration  of  the  contaminant.  In  general,  high  soil 
moisture,  fine  soil  such  as  clay,  and  high  concentrations  of  contaminants  can  all  decrease  the 
efficiency  of  contaminant  removal  from  the  soil.  Each  LTTD  system  deals  somewhat 
differently  with  these  limitations  to  increase  treatment  efficiencies.  Thermal  desorption  is  not 
effective  in  the  treatment  of  soils  containing  free  product  such  as  gasoline  or  coal  tars 
because  these  products  contain  some  chemicals  that  do  not  lend  themselves  to  volatilization 
at  the  low  process  temperatures. 

A  typical  case  of  the  application  of  LTTD  has  been  demonstrated  by  the  treatment  of 
petroleum  hydrocarbon  contaminated  soils  at  the  Keele  Valley  landfill  north  of  Toronto.  The 
Soil  Recycling  Company,  a  subsidiary  of  Barendco  inc.,  operated  the  "Soil  Recycler"  at  the  site 
for  approximately  2  years  (1989-1991)  and  treated  contaminated  soil  that  was  destined  for 
the  landfill.  The  LTTD  was  a  mobile  unit  and  consisted  of  primary  and  secondary  treatment 
units,  cyclonic  separators,  a  cooling  chamber,  and  a  baghouse  to  remove  dust.  In  the  process, 
contaminated  soil  is  fred  through  a  primary  treatment  unit  where  the  soil  is  tumbled  in  a  drum 
while  heating  occurs.  Clean  soil  is  discharged  from  the  drum  while  the  hot  air  containing  the 
evaporated  organics  is  drawn  from  the  primary  treatment  unit  into  high  efficiency  cyclones 
for  dust  removal.  A  secondary  treatment  unit  then  heats  the  gases  to  destroy  the  organics  by 
oxidation.  Finally,  the  gases  pass  through  a  cooling  chamber  and  baghouse  to  remove  the  fine 
soil  particles  from  the  air  before  being  discharged. 

The  unit  at  Keele  Valley  was  claimed  to  have  a  99.99%  removal  efficiency  of  VOCs  in  the  air 
discharge,  and  the  normal  throughput  of  contaminated  soil  was  in  the  order  of  40  tonnes  per 
hour.  The  maximum  concentration  of  hydrocarbon  in  the  soil  to  be  treated  was  not  to  exceed 
15,000  ppm,  beyond  which  concentration  the  removal  efficiency  would  drop  considerably. 

There  are  a  number  of  companies  in  Ontario  that  provide  LTTD  services  and  each  system  can 
provide  similar  results  on  soil  contaminated  with  light-fraction  hydrocarbons.  As  of  September 
1995,  the  MOEE  is  in  the  process  of  using  LTTD  technology  to  treat  soil  contaminated  with 
oil  tar  and  other  organic  contaminants  at  Port  Stanley.  This  project  should  provide  detailed 
data  on  the  success  of  the  system  to  treat  soil  contaminated  with  contaminants  other  than 
just  petroleum  hydrocarbons.  The  project  is  to  be  completed  in  December  1995. 
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Air  Sparging 

Air  sparging  is  used  most  often  in  attempts  to  remove  VOCs  from  ground  water  and 
contaminated  soil  below  the  water  table,  and  is  claimed  to  be  effective  when  used  in 
combination  with  a  soil  vapour  extraction  (SVE)  system.  Air  sparging,  similar  in  principle  to 
surface  air  stripping  towers  used  to  remove  contaminants  from  contaminated  water,  involves 
the  injection  of  air  into  the  subsurface  below  the  water  table,  which  has  the  effect  of 
transferring  the  contaminants  from  the  subsurface  soil  and  ground  water  into  sparged  air 
bubbles.  The  air  bubbles  rise  to  the  water  table  and  dissipate  into  the  unsaturated  zone  where 
they  can  be  removed  by  a  SVE  system  (Figure  5).  Compounds  strongly  adsorbed  to  the  soil 
matrix  tend  to  be  more  difficult  to  extract  by  air  sparging. 

The  introduction  of  air  into  ground  water  also  increases  the  oxygen  content  and  thereby 
provides  oxygen  for  natural  aerobic  biodegradation  of  contaminants  by  indigenous 
microorganisms  in  the  subsurface.  The  rate  of  this  biodegradation  can  further  be  enhanced 
by  the  addition  of  nutrients  to  the  system  and  this  is  often  the  case  in  the  treatment  of 
contaminated  soil  below  the  water  table. 

Some  of  the  conditions  that  affect  the  success  of  air  sparging  are: 

-  the  shallower  the  water  table  the  easier  it  is  to  recover  the  VOCs; 

-  the  contaminants  should  have  a  high  volatility;  compounds  that  are  very  soluble  in 
water  are  not  easily  stripped  by  air; 

-  soil  should  be  permeable  enough  so  that  the  injected  air  can  move  freely  through  the  soil, 
and  homogeneous  enough  so  that  air  entrainment  does  not  decrease  the  efficiency  of  the 
system; 

-  the  contaminated  aquifer  should  be  unconfined  for  recovery  of  the  VOCs. 

In  Ontario,  only  a  few  cases  of  air  sparging  are  available  for  documentation  and  the  use  of  the 
technology  is  mostly  in  combination  with  soil  vapour  extraction  (see  cases  #6  and  #32). 

The  effectiveness  and  general  successes  of  air  sparging,  like  soil  vapour  extraction,  depend 
to  a  large  degree  on  the  proper  engineering  and  maintenance  of  the  system  after  installation. 
Air  sparging  is  prone  to  air  entrainment  and  the  homogeneity  of  the  soil  has  a  major  influence 
on  the  even  distribution  of  injected  air  to  contact  all  soil  particles.  Except  possibly  for  sand, 
the  continual  tilling  of  soil  containing  silt/clay  may  be  necessary  to  enhance  the  homogeneity 
of  the  soil  and  to  break  up  lumps  that  develop  after  a  while  during  the  treatment  process. 

The  evaluation  of  the  effectiveness  of  an  air  sparging  system,  which  is  often  combined  with 
soil  vapour  extraction  and  the  addition  of  nutrients  to  the  soil  or  recirculated  ground  water  to 
promote  natural  bioremediation,  is  difficult  because  there  are  no  data  on  any  sites  to  separate 
the  effectiveness  of  each  of  the  separate  components.  On  the  basis  of  cases  documented  in 
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this  report,  there  seems  to  be  a  presumption  that  the  addition  of  nutrient  to  soil  or  ground 
water  will  automatically  enhance  biological  activity,  without  actually  measuring  the  growth 
of  microorganisms  in  the  soil.  Similarly,  air  injection  points  can  plug  with  precipitate  and 
bacterial  growth  and  the  continual  maintenance  of  the  system  is  required  to  maintain  the 
efficiency  of  the  system.  Without  this  maintenance  the  time  required  for  soil  treatment  is 
lengthened  and  in  some  cases  the  system    may  fail  to  achieve  soil  cleanup  at  all. 


COMMON  GROUND  WATER  TREATMENT  TECHNOLOGIES 

At  most  contaminated  sites,  ground  water  is  contaminated  through  direct  contact  with  the 
contaminant  below  the  water  table,  or  by  the  leaching  of  contaminants  by  rainwater  from  soil 
in  the  unsaturated  zone.  As  a  result,  a  plume  of  contaminated  ground  water  is  created  in  the 
direction  of  ground  water  movement.  After  the  contaminants  are  removed  from  the  soil,  the 
plume  of  contaminated  ground  water  will  have  to  be  recovered  through  pumping  and  treated 
to  prevent  contamination  of  nearby  wells  or  surface  water.  If  there  is  free  product  floating  on 
top  of  the  water  table  or  somewhere  beneath  the  water  table,  it  has  to  be  removed  prior  to 
the  treatment  of  ground  water  itself.  In  most  of  the  cases  documented  in  this  study  the 
product  is  light  hydrocarbons,  as  for  example  gasoline,  that  float  on  top  of  the  water  table, 
and  these  can  be  removed  by  direct  pumping  if  there  is  sufficient  thickness  of  the  product, 
or  skimmer  pumps  can  be  used  to  pump  thin  layers  of  free  product  off  the  water  table.  The 
contaminated  ground  water  containing  dissolved  contaminants  is  pumped  from  the  ground  and 
treated  on  the  surface  before  discharge  back  into  the  ground  or  to  surface  water. 

A  large  variety  of  surface  treatment  methods  are  available,  and  a  common  method  of 
treatment  consist  of  activated  carbon  filtration.  Air  sparging  is  used  sometime  in  attempts  to 
treat  contaminated  ground  water  in-situ  when  the  contaminants  are  petroleum  and  other  light- 
fraction  hydrocarbons. 

A  free  product  recovery  system  applies  most  often  to  petroleum  or  other  floating 
hydrocarbons  commonly  referred  to  as  light  non-aqueous  phase  liquids  (LNAPL).  A  variety  of 
free  product  recovery  systems  are  available  commercially  and  consist  generally  of  specialized 
product  recovery  skimmer  pumps  or  total  liquid  pumps.  Skimmer  pumps  separate  the  pure 
product  (contaminant)  from  ground  water  in  the  pumping  well,  whereas  a  total  fluid  pump 
recovers  both  the  product  and  ground  water  which  are  separated  on  the  surface.  Membrane 
technology  is  often  used  in  the  skimming  type  pumps,  and  some  manufacturers  claim  the 
ability  of  recovering  pure  product  down  to  a  thickness  of  3  mm.  The  technology  does  not 
apply  to  dissolved  or  suspended  phase  contaminants,  nor  to  viscous  product  such  as 
lubricating  oil.  In  most  cases  the  recovered  ground  water  requires  some  treatment  before 
discharge  to  the  environment. 

Carbon  filtration  is  a  proven  technology  to  remove  dissolved  hydrocarbon  compounds  from 
water.  This  technology  is  limited  to  soluble  non-polar  compounds  such  as  BTEX,  and  is  readily 
available  commercially.  The  process  involves  the  sorption  of  dissolved  organic  contaminants 
in  water  on  to  a  solid  carbon  medium.  The  carbon  may  be  granular  or  powdered  and  must  be 
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Figure  5.  Schematic  diagram  of  an  air  sparging  system  in  combination  with  soil  vapour  extraction 
(from  CPPI  Report  No.  94-1) 
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replaced  regularly.  Most  carbon  treatment  systems  have  backwashing  capabilities  to  remove 
particulate.  Removal  efficiencies  are  usually  greater  than  99%  for  trace  levels  of  contaminants 
and  performance  is  effected  by  temperature,  contaminant  concentrations,  and  biological 
fouling.  Commercially-available  systems  can  treat  contaminated  ground  water  up  to  about  1 00 
gpm. 

The  treatment  of  ground  water  by  air  sparging  is  discussed  in  the  soil  remediation  section. 


SUMMARY  AND  CONCLUSIONS 

A  study  was  undertaken  to  determine  the  common  soil  and  ground  water  treatment 
technologies  used  in  Ontario  to  remediate  contaminated  sites.  A  summary  of  these 
technologies  is  shown  in  Table  3.  Twenty-four(24)  companies  were  contacted  to  enquire 
about  site  remediation  technologies  that  they  have  used  in  the  past;  eleven  (1 1)  companies 
provided  data  that  were  used  to  fill  out  data  sheets  for  cleanup  technologies  used  in  Ontario 
and  other  jurisdictions.  These  data  sheets  are  shown  in  appendices  A  and  B,  and  summarized 
in  Table  4.  information  on  the  demonstration  of  emerging  technologies  in  Canada  related  to 
the  Contaminated  Sites  Remediation  Program  are  shown  in  Appendix  C. 


On  the  basis  of  this  study,  the  following  conclusions  can  be  made: 

•in  Ontario,  excavation  and  disposal  of  contaminated  soil  is  still  by  far  the  most  common  form 
of  site  remediation  to  deal  with  contaminated  soil; 

•the  common  contaminants  in  soil  that  lend  themselves  most  readily  to  treatment  (rather  than 
excavation  and  disposal)  are  petroleum  and  other  lighMraclUJa  hyilipcarbons; 


•bioremediation,  soil  vapour  extraction  (SVE),  low  temperature  thermal  desorption  (L  i  TcH-and 
air  sparging  are   technologies  used  commonly   in  attempts  to  treat   contaminated  soil; 

•of  these  four  technologies,  soil  vapour  extraction  and  LTTD  systems  appear  to  be  most 
effective  in  the  treatment  of  soils  contaminated  by  petroleum  and  other  light-fraction 
hydrocarbons; 

•the  effectiveness  of  biodegradation  versus  volatilization  in  the  treatment  of  soils 
contaminated  by  light-fraction  hydrocarbons,  especially  in  cases  involving  the  addition  of  air 
necessary  for  aerobic  biodegradation,  cannot  be  readily  determined  because  of  the  lack  of 
appropriate  data  on  operating  systems  in  Ontario; 

•the  effectiveness  of  air  sparging  systems  in  the  in-situ  treatment  of  ground  water  and 
contaminated  soil  below  the  water  table  is  difficult  to  assess  as  these  systems  are  not 
operated  usually  by  themselves,  but  rather  in  combination  with  SVE  and  bioremediation; 
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•vendor  claims  regading  the  effectiveness  and  efficiency  of  individual  technologies  within  the 
application  of  a  combinations  of  technologies  is  difficult  to  determine  because  there  are 
virtually  no  data  available  that  lend  themselves  to  assessment  on  operating  systems  in 
Ontario; 

•when  a  combination  of  technologies  are  used,  the  whole  system  acts  as  a  "black  box"  in 
which  the  significance  or  effectiveness  of  individual  processes  in  treating  the  contaminants 
cannot  be  determined; 

•activated  carbon  filtration  is  an  effective,  well-established  technology  to  treat  contaminated 
ground  water;  the  effectiveness  of  air  sparging  in  the  in-situ  treatment  of  contaminated 
ground  water  is  questionable  and  should  be  used  in  combination  with  a  SVE  system; 

•although  the  use  of  the  above-mentioned  soil  and  ground  water  cleanup  technologies  are  in 
common  use  by  the  soil  remediation  industry,  the  design  of  individual  systems  can  vary 
considerably  and  require  site-specific  engineering  and  maintenance  to  achieve  the  applicable 
soil  cleanup  guidelines  in  Ontario;  failures  in  site  remediation  are  usually  failures  in  engineering 
and  maintenance  rather  than  in  basic  technology; 

•it  cannot  be  assumed  that  because  bioremediation,  soil  vapour  extraction,  LTTD  and  air 
sparging  are  in  common  use  either  singly  or  in  combination  with  each  other,  they  are  all 
successful  in  treating  the  contaminated  soil  to  below  criteria;  proper  engineering/maintenance 
of  systems,  and  time  and  cost  available  for  the  project  are  critical  factors  that  determine  the 
success  of  a  remediation  project;  in  cases  involving  simply  the  addition  of  nutrients  and  air 
to  soil  contaminated  by  light-fraction  hydrocarbons,  the  effectiveness  and  the  process  of 
cleanup  by  biodegradation  alone  may  be  questionable; 

•soil  treatment  successes  are  not  "absolute"  and  depend  to  a  great  extent  on  what  the  client 
expectations  are  and  how  the  project  results  can  address  these  expectations;  total  cost, 
project  duration  and  the  ability  of  a  technology  or  combination  of  technologies  to  reduce  the 
contaminants  to  the  regulatory  criteria  all  combine  to  determine  the  success  or  failure 
attributable  to  an  applied  technology  or  combination  of  technologies; 

•soil  treatment  technologies  used  in  the  field  are  usually  not  off-the-shelf,  absolute  systems 
and  each  case  of  contamination  involves  an  engineered  system  of  one  or  more  technologies 
to  produce  results  in  the  required  time  and  cost  available  to  the  project. 
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Table'i.-^istimary  of  site  remediation  technologies  used  in  Ontario. 


A.  SOIL  TREATMENT 


TECHNOLOGY 

DESCRIPTION 

EXAMPLES  OF  COMPANIES  USING 
TECHNOLOGY                                            || 

BIOREMEDIATION 
NATURAL 

ENHANCED 

-  in-situ  and  ex-situ  technology 

-  use  of  indigenous  bacteria 

-  addition  of  nutrient  and  oxygen  (air)  a 
common  practise  to  promote  bacteria 
growth 

-  most  suitable  for  light  petroleum 
hydrocarbons  such  as  gasoline,  diesel  and 
heating  fuels 

-  in-situ  and  ex-situ  technology 

-  use  of  specially-formulated  bacteria  and 
bio-slurries  containing  nutrients  and  oxygen 

-  technology  can  be  used  to  treat  soil 
containing  chlorinated  biphenyls,  some 
pesticides  and  other  complex  organics 

Barenco 
Imperial  Oil 
Petro-Canada 

Bio  Quest  Environmental 
Grace  Dearborn 

SOIL  VAPOUR  EXTRACTION 

-  in-situ  soil  technology  to  remove  volatile 
organics  from  contaminated  soil 

-  most  applicable  to  chlorinated  volatile 
solvents  and  volatile  petroleum  products 

-  suitable  mainly  in  unsaturated,  permeable 
soil  such  as  sands  and  gravels 

-  often  used  in  combination  with  air 
sparging  and  in-situ,  natural  bioremediation 

-  requires  engineering  to  optimize  the 
efficiency  of  the  exuaction  system 

-  collected  gases  usually  have  to  be  treated 
before  being  discharged  into  the  atmosphere 

Arcturus  Environmental 
O'Connor  Associates 
Groundwater  Technology 

LOW  TEMPERATURE  THERMAL 
DESORPTION 

-  requires  excavation  of  contaminated  soil 

-  soil  is  heater  to  300  to  400  degrees  C  to 
volatilize  contaminants 

-  vapours  are  collected  and  treated  before 
being  discharged  into  the  atmosphere 

-  most  applicable  to  volatile  organic 
contaminants  such  as  petroleum 
hydrocarbons  and  chlorinated  solvents,  and 
soils  contaminated  with  PAHs 

Canada  Soil  Exchange 
Enviro  Desorption  (Alberta) 
Greenplan  Environmental 
Phillips  Environmental 
Laidlaw  Environmental 

AIR  SPARGING 

-  in-situ  technology  to  remove  volatile 
(VintaminanK  frnm  grrmnd  w^fpr  and  soil 

Groundwater  Technology 
Conestoga-Rovers 

below  the  water  table 

-  involves  the  injection  of  air  into  the 
subsurface  below  the  water  table 

-  most  effective  when  in  combination  with 
soil  vapour  extraction  to  collect  the  vapours 

-  effective  on  organic  contaminants  that  are 
volatile  but  not  strongly  adsorbed  to  the 
soil,  or  that  have  a  high  solubility  in  water 

-  prone  to  air  entrainment  through  the  soil, 
decreasing  the  effectiveness  of  the 
technology 
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Table  3.  Summary  of  Site  Remediation  Technologies  Used  in  Ontario  (continued). 
B.  GROUND  WATER  TREATMENT 


TECHNOLOGY 

DESCRIPTION 

EXAMPLES  OF  COMPANIES  USING 
TECHNOLOGY 

FREE  PRODUCT  RECOVERY 

-  the  pumping  of  free  product  that  usually 
floats  on  the  surface  of  the  water  table 

-  involves  the  use  of  total  liquid  or 
specialized  product  recovery  pumps 

-  total  liquid  pumps  recover  ground  water 
and  product,  which  have  to  be  separated  on 
the  surface 

-  product  recovery  pumps  recover  pure 
product  only 

any  company  that  specializes  in  ground 
water  cleanup,  as  for  example: 

Arcturus 
Gartner  Lee 

Groundwater  Technology 
O'Connor  Associates 

CARBON  FILTRATION 

-  an  established  technology  in  the 
purification  of  water 

-  involves  the  sorption  of  dissolved  organic 
contaminants  in  water  on  to  a  solid  carbon 
medium 

any  company  that  specializes  in  ground 
water  cleanup 

AIR  SPARGING 

SEE  DESCRIPTION  IN  PART  "A"  OF 
TABLE 

SEE  EXAMPLES  IN  PART  "A'  OF 
TABLE 
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Table  4.  Summary  of  site  remediation  technologies  applications. 


CASE  # 

TECHNOLOGY 

SOIL 

GW 

MAIN  CONTAMINANT 

COST 

NOTE 

1 

in-eitu 
bioremediation 

X 

BTEX,  TPH 

$32/yd' 

-  treatment  of  unsaturated 
soil  only 

-  7000  ppm  TPH  reduced  to 
<1000  ppm 

2 

in-situ 
bioremediation 

X 

BTEX,  TPH 

unit  cost  not 
available 

-  surface  treatment  of 
contaminated  soil 

-  14,000  ppm  TPH  reduced  to 
<100  ppm 

3 

ex-situ 
bioremediation 

X 

BTEX,  TPH 

not 

applicable; 

demonstr at  ion 

project 

-  injection  of  bio-slurry 
into  excavated  soil 

-  2000  ppm  TPH  reduced  to 
<50  ppm 

4 

soil  vapour 
extraction 

carbon  filtration 

X 

X 

BTEX,  TPH 

not  available 

-  engineered  cell  for  ex- 
situ  soil  vapour  extraction 

-  lowering  of  water  table 
and  treatment  of  ground 
water 

-  5200  ppb  toluene  in  soil 

reduced  to  <  700  ppb;  1170 
ppb  toluene  in  ground  water 
reduced  to  non-detectable 

5 

ex-situ 
bioremediation 

X 

PAH 

S15-S30/tonne 

-  batch  treatment  of 
contaminated  soil 

-  total  PAH  in  each  batch 
reduced  to  <200  ppm 

6 

soil  vapour 

X 

BTEX,  chlorinated 

not 

-  site  remediation  expected 

extraction 

organics,  xylene 

available; 

to  last  approx.  5  years 

X 

floating  on  water 

project 

-  soil  contains  up  to 

free-phase 

table 

ongoing 

24,000  ppm  BTEX  and  up  to 

product  recovery 

X 

X 

16  ppm  chlorinated  organics 
-  ground  water  contains  up 

air  sparging 

to  114  BTEX  and  up  to  24.5 
ppm  chlorinated  organics 

7 

steam  injection 

soil  vapour 
extraction 

X 

oil  containing 
PCB 

not 

applicable; 

pilot  study 

only 

-  pilot  scale  study  of 
steam  injection  to 
determine  engineering 
parameters  to  mobilize  oil 
for  recovery 

-  difficulty  in  controlling 
steam  breakthrough  at 
surface 

8 

low  temperature 

thermal 

desorption 

X 

xylene 

S85/tonne 

-  35,000  tonnes  of  soil 
processed 

-  xylene  reduced  to  <1.0 
ppb 

9 

carbon  filtration 
and  flushing  of 
contaminated 

X 

BTEX,  TPH 

$150,000 

start-up 

S70,000/yr  to 

-  5  ppm  TPH  in  ground  water 
treated  to  <0.001  ppm 

-  treated  water  is  re- 

ground water 

operate 

injected  into  ground  to 

flush  contaminants  from 

rock 

-  approx.  6  year  project 

10 

ex-situ 
bioremediation 

X 

BTEX,  TPH 

approx . 
S25/tonne 

-  biocell  is  below  grade 

-  vapour  extraction  system 
in  cell 

-  TPH  in  soil  up  to  16,000 
ppm  reduced  to  <100  ppm 

11 

ex-situ 

bioreraediat  ion 
(landf arming) 

X 

BTEX,  TPH 

approx . 
S15/tonne 

-  excavated  soil  spread  on 
land  and  tilled 

-  TPH  in  soil  up  to  5000 
ppm  reduced  to  <100  ppm 

-  slow  rate  of 
treatment/seasonal 
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CASE  / 

TECHNOLOGY 

SOIL 

GW 

MAIN  CONTAMINANT 

COST 

NOTE 

12 

carbon  filtration 

X 

BTEX,  TPH 

unit  cost  not 
available; 

-  contaminated  ground  water 
treated  off-site; 

soil  vapour 

X 

cost  depends 

-  initial  TPH  in  ground 

extraction 

on  length  of 

operation; 

S70,000/yr 

operating 

cost 

water  reduced  to  non- 
detectable; 

-  soil  vapours  at  explosive 
levels  reduce  to  background 
concentrations 

13 

carbon  filtration 

X 

BTEX,  TPH 

unit  cost  not 
available; 

-  gasoline  is  separated 
from  ground  water  by 

product  recovery 

X 

cost  depends 
on  length  on 

coalescing  filters 

-  BTEX  in  soil  up  to  165 

soil  vapour 

X 

operation; 

ppm  is  reduced  to  <15  ppm 

extraction 

S100,000/yr 

operating 

cost 

after  12  months 

14 

soil  washing 

X 

copper,  arsenic, 
chromium 

not  available 

-  arsenic  up  to  2750  ppm 
reduced  to  <50  ppm 

-  copper  up  to  1400  ppm 
reduced  to  <225  ppm 

-  not  effective  in  removing 
chromium  at  795  ppm  level 

15 

ex-situ 
bioremediat  ion 

X 

BTEX,  TPH 

$25-$30/tonne 

-  research  site  for  the 
treatment  of  gasoline 
contaminated  soils  derived 
from  Petro-Canada  service 
stations 

16 

low  temperature 

thermal 

desorption 

X 

BTEX,  TPH,  xylene 

S47/tonne 

-•BTEX  in  soil  up  to  15,000 
ppm  reduced  to  <5  ppm 

17 

carbon  filtration 
product  recovery 

X 
X 

mineral  oil 

not  available 

-  oil/ground  water 
separated  by  filter 

18 

soil  vapour 
extraction 

X 

BTEX,  TPH 

unit  cost  not 
applicable; 

cost  depends 
on  duration 

of  treatment 

-  technology  applied  to 
operating  service  stations 
to  reduce  gasoline  vapours 

-  gasoline  vapours  derived 
from  contaminated  soil 
reduced  to  <200  ppm 

19 

ex-situ 

bioremediat ion 

X 

BTEX,  TPH 

S25  to 

$50/tonne 

-  addition  of  nutrient  and 
air 

-  up  to  25,000  ppm  TPH 
reduced  to  <100  ppm 

20 

incineration 

X 

PCB 

S2737/m' 

-  incineration  of  PCB 
contaminated  oil; 
contaminated  soil  treatment 

21 

carbon  filtration 

X 

TCE,  vinyl 
chloride 

unit  cost  not 
available 

-  ground  water  is  treated 
by  point-of-use  carbon 
treatment  systems  on 
domestic  supplies 

-  TCE  up  to  320  ppb  reduced 
to  non-detectable 

22 

carbon  filtration 

X 

BTEX,  TPH 

SO.Ol/L  to 
$0.25/L 

-  up  to  1000  ppm  TPH 
reduced  to  <10  ppm 

-  oil/water  separation 
necessciry  in  some  cases; 
oil  recovered;  water 
discharged  into  sanitary 
sewer 

23 

ex-situ 
bioremediat ion 

X 

BTEX,  TPH 

S2/tonne  to 
S33/tonne 

-  up  to  30,000  ppm  TPH 
reduced  to  <50  ppm 

-  engineered  bio-cells  with 
addition  of  nutrients  and 
air 
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CASE  / 

TECHNOLOGY 

SOIL 

GW 

MAIN  CONTAMINANT 

COST 

NOTE                       1 

24 

soil  vapour 
extraction 

carbon  filtration 

X 

X 

BTEX,  TPH 

unit  cost  npt 
available 



-  soil  vapour  extraction 
considered  not  effective  in 
cleanup  of  soil  below  the 
water  table  to  below  5000 
ppm  TPH  because  of  free 
product  on  water  table 

25 

ex-situ 
bioremediation 

X 

BTEX,  TPH 

unit  cost  not 
available 

-  6500  ppm  TPH  reduced  to 
<790  ppm  after  10  months 

-  engineered  bio-cells 

26 

in-situ 
bioremediation 

X 

X 

BTEX,  TPH 

unit  cost  not 
available 

-  claim  99%  reduction  in 
contaminants  to  <1  ppb  TPH 

-  ground  water  treated  by 

air  stripping 

on-surface  air  stripper 
-  in-situ  bioremediation 
includes  addition  of 
hydrogen  peroxide  and 
nutrient  mixture 

27 

in-situ 

X 

BTEX,  TPH 

unit  cost  not 

-  efficiency  of  system  not 

bioremediation 

air  stripping 

soil  vapour 
extraction 

X 

X 

available 

available 

-  treated  ground  water 
reinjected  into  ground  to 
enhance  bioremediation 

28 

low  temperature 

thermal 

desorption 

air  sparging 

X 
X 

X 

BTEX,  TPH 

unit  cost  not 
available 

-  efficiency  of  treatment 
not  available 

-  27,  000  tons  of 
contaminated  soil  treated 

in-situ 

bioremediation 

29 

air  stripping 

X 

BTEX,  TPH 

unit  cost  not 
available 

-  efficiency  of  treatment 
not  available 

liquid-phase 
recovery 

X 

-  oil/water  separation 
resulted  in  almost  10O%  oil 
recovery 

-  410,500  gallono  of  oil 
recovered 

30 

in-situ 

X 

BTEX,  TPH,  MOTOR 

unit  cost  not 

-  52,000  ppm  TPH  reduce  to 

bioremediation 

X 

OIL 

available 

<55  ppm 

-  reinjection  of  treated 

soil  vapour 

ground  water  to  enhance 

extraction 

bioremediation 

31 

soil  vapour 
extraction 

X 

BTEX,  TPH 

unit  cost  not 

availcible; 

total  cost  = 

SUS180,000 

-  up  to  2700  ppm  BTEX 
reduced  to  <1  ppm 

32 

in-situ 
bioremediation 

soil  vapour 
extraction 

air  sparging 

X 
X 
X 

X 

BTEX,  TPH 

unit  cost  not 

available; 

total  cost  = 

SUS50,000 

-  all  contaminants  in 
ground  water  reduced  to 
below  detection  limits 

33 

in-situ 
bioremediation 

soil  vapour 
extraction 

X 

X 

BTEX,  TPH 

unit  cost  not 

available; 

total  cost  = 

$US2SO,000 

-  TPH  up  to  1000  ppb 
reduced  to  <0.4  ppb 

-  22  month  duration  of 
project 

34 

in-situ 
bioremediation 

X 

BTEX,  TPH 

unit  cost  not 

available; 

total  cost  = 

SUS280,000 

-  contaminants  reduced  to 
below  regulatory  criteria 

1 
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APPENDIX  A:  CASE  STUDIES  IN  ONTARIO 


NOTE:  the  case  study  sheets  contain  a  mix  of  metric  and  English  units  as  provided  by  the 
respondents;  to  maintain  integrity  and  accuracy  of  the  information  as  provided  by  the 
respondents,  no  attempt  has  been  made  to  change  to  one  set  of  units 
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CASE  STUDY  #1 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE;  Toronto 

NAME  OF  COMPANY:  BioQuest  Environmental  Co.  Ltd. 

MEDIUM  CONTAMINATED;  sand,  silt,  cobbles 

MAIN  CONTAMINANTS:  gasoline  hydrocarbons  (BTEX) 

AT  RISK;  NA;  private  soil  remediation  at  former  service  station 

TECHNOLOGY  USED:  in-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  oxygenated  water,  nutrient  and 
microbes  are  injected  into  the  unsaturated  soil;  bio-product 
and  oxygenated  water  are  mixed  and  injected  into  the  soil  and  the 
site  is  left  to  biodegrade  on  its  own; 

TREATMENT  RATE:   not  applicable 

BEFORE /AFTER  CONCENTRATIONS:  7  000  ppm  TPH  expected  to  be  reduced 
to  level  I  Ontario  criteria  of  100  ppm  for  total  petroleum 
hydrocarbons 

DURATION  OF  REMEDIATION:   on-going  as  of  July  1995;  expected  to 
be  approximately  4  months 

APPROX.  COST:  approx.  $4 2 /cubic  meter 

COMMENTS ;  soil  contamination  to  34  feet;  injection  at  a  3  to  4 
foot  grid;  contamination  above  and  in  the  water  table;  injection 
holes  created  by  3000  psi  water  pressure;  SOURCE  OF  INFORMATION; 
on-site  visit  with  David  Simpson  of  BioQuest,  June  1995 
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CASE  STUDY  #2 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Longwood  TS  (SW  London) 

NAME  OF  COMPANY:  BioQuest  for  Ontario  Hydro 

MEDIUM  CONTAMINATED:  soil,  surface  water 

MAIN  CONTAMINANTS:  transformer  oil  (light  hydrocarbon/mineral  oil) 

AT  RISK:  municipal  drains,  Sydenham  River 

TECHNOLOGY  USED:  in-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  application  of  bio-formula  and  nutrients  to  surface  soils  and 
surface  water;  some  injection  of  unsaturated  soils  at  depth  along  road  banks 

TREATMENT  RATE:   not  applicable 

BEFORE/ AFTER  CONCENTRATIONS:  max.  14,000  ppm  TPH  reduced  to  less  than  100  ppm 

DURATION  OF  REMEDIATION:   approx.  30  days 

APPROX.  COST:  $65,000;  unit  cost  not  available  because  treatment  involved  surface  of  soil,  not 
volume 

COMMENTS:  for  Ontario  Hydro  in  London;  transformer  oil  spill  at  station;  mostly  surface  cleanup; 
transformer  oil  degrades  quickly  and  is  lighter  than  water  (mineral  oil);  this  technology  is  applicable 
only  to  light  fraction  hydrocarbons  such  as  mineral  oil  and  petroleum  hydrocarbons;  SOURCE  OF 
INFORMATION:  Terry  Marshall  of  Ontario  Hydro  in  London,  June  1995 
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CASE  STUDY  #3 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Markham 

NAME  OF  COMPANY:  BioQuest  for  Ontario  Hydro 

MEDIUM  CONTAMINATED:  soil     . 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons  (gasoline,  fiiel  oil) 

AT  RISK:  NA;  private  site  cleanup  and  decommissioning 

TECHNOLOGY  USED:  on-site,  ex-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  contaminated  soil  excavated  and  place  on  tarp  for 
bioremediation;  injection  of  bio-formula  into  excavated  soil 

TREATMENT  RATE:    not  applicable 

BEFORE/ AFTER  CONCENTRATIONS:  2000  ppm  TPH  reduced  to  less  than  50  ppm 

DURATION  OF  REMEDIATION:    approx.  45  days 

APPROX.  COST:  not  available;  demonstration  project  for  client 

COMMENTS:  contamination  from  leaking  underground  gasoline  storage  tanks; 

this  was  a  free  demonstration  project  for  Ontario  Hydro;  SOURCE  OF  INFORMATION:  E.  Leung 

of  Ontario  Hydro  in  Toronto,  June  1995 
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CASE  STUDY  #4 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Talbotville 

NAME  OF  COMPANY:  CH2MHILL  for  confidential  client 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons 

AT  RISK:  ground  water  supplies;  private  site  cleanup 

TECHNOLOGY  USED:  soil  vapour  extraction/carbon  filtration 

BRIEF  DESC.  OF  TECHNOLOGY:  ground  water  treatment  and  pumping  to  lower/control  water 
table;  contaminated  soil  excavated  and  replaced  in  the  excavation  for  an  engineered  system  of  air 
stripping  and  vapour  extraction;  ground  water  treatment  by  activated  carbon 

TREATMENT  RATE:    not  applicable 

BEFORE/ AFTER  CONCENTRATIONS:  soil;  5200  ppb  toluene  reduced  to  less  than  700  ppb 

ground  water;  1 170  ppb  toluene  reduced  to  non-detectable 

DURATION  OF  REMEDIATION:    approx.  1  year 

APPROX.  COST:  not  available 

COMMENTS:  free  hydrocarbon  on  top  of  water  table  pumped  out;  heavily  contaminated  soil 
excavated  and  disposed  of  in  landfill;  soil  vapour  extraction  system  developed  in  excavation;  final 
remediation  was  to  Level  U  soil  criteria  of  MOEE  interim  guideline  for  petroleum  contaminated  sites 
in  Ontario;  SOURCE  OF  INFORMATION:  MOEE  London  Region  files 
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CASE  STUDY  #5 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Port  Stanley 

NAME  OF  COMPANY:  SevensonAVaste  Stream  for  client 

MEDIUM  CONTAMINATED:  soil 

MAIN  CONTAMINANTS:  oil  tars,  PAH,  other  organics 

AT  RISK:  ground  water,  surface  water,  private  remediation 

,    TECHNOLOGY  USED:  ex-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  enhanced  bioremediation  on  60mX120m  clay-lined,  bermed  pad; 
collection  and  bio-treatment  of  surface  water;  treated  water  used  to  infiltrate  into  contaminated  soil; 
soil  treated  with  bacterial  suspension  and  natural  surfactants;  daily  tilling  of  soil;  no  winter  operation; 
treated  soil  backfilled  on  site 

TREATMENT  RATE:   not  applicable 

BEFORE/AFTER  CONCENTRATIONS:  variable;  in  excess  of  1000  ppm  TPH  in  soU  reduced  to  less 
than  100  ppm  TPH,  and  B(a)P  in  the  50  ppm  range  reduced  to  less  than  10  ppm 

DURATION  OF  REMEDIATION:    started  in  1989;  on-going  as  of  mid-1995 

APPROX.  COST:  variable,  depending  on  depth  of  soil  excavation  and  concentration  of  contaminants; 
approx.  $15  to  $30  per  tonne 


COMMENTS:  monitoring  of  surface  water,  ground  water,  air;  4700  cu.  m.  treated  and  3365  cu.  m. 
under  treatment  in  1993;  soil  treatment  is  by  batch  process,  each  batch  being  approximately  4000 
cubic  metres  and  lasting  one  to  two  months;  each  separate  batch  is  sampled  and  must  meet  the  total 
PAH  criteria  of  200  mg/kg  criteria,  and  a  B(a)P  criteria  of  10  mg/kg,  both  at  the  95%  sampling 
confidence  level;  in  1993,  total  PAH  reductions  varied  from  93%  to  96%,  and  B(a)P  reductions  were 
from  78%  to  92%;  SOURCE  OF  INFORMATION:  MOEE  London  Region  files 
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CASE  STUDY  #6 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Hamilton 

NAME  OF  COMPANY:  Groundwater  Technology  Canada  Ltd.  for  client 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons,  chlorinated  organic  compounds,  free  product 
(xylene  and  mineral  oil)  on  the  water  table 

AT  RISK:  potential  for  ground  water  transport  of  volatile  organics  to  residential  basements  in  the 
area;  vadose  zone  soil  contamination;  private  site  remediation  project 

TECHNOLOGY  USED:  soil  vapour  extraction  (SVE),  free  product  skimming  and  air  sparging 

BRIEF  DESC.  OF  TECHNOLOGY:  soil  vapour  extraction  through  83  well  points  to  a  depth  of  3 
metres  over  an  area  of  approximately  5000  m'  three  main  header  lines;  free  xylene  skimming  on  top 
of  the  water  table;  carbon  adsorption  treatment  of  air  before  discharge;  air  sparging  proposed  to  deal 
with  ground  water  and  enhance  in-situ  bioremediation;  once  sparging  added,  vapour  treatment  would 
be  by  on-site  regenerable  adsorption  resin 

TREATMENT  RATE:   on-going;  more  than  1000  kg  of  solvent  recovered  in  260  hours  of  operation 

BEFORE/AFTER  CONCENTRATIONS:  BTEX  in  soils  range  up  to  24,000  ppm  and  up  to  16  ppm 
chlorinated  organics;  ground  water  contaminated  with  BTEX  up  to  1 14  ppm  and  with  chlorinated 
organics  up  to  24.5  ppm;  project  still  ongoing  and  cleanup  levels  not  available 

DURATION  OF  REMEDIATION:   started  November  1994  and  ongoing  as  of  Oct/95;  site 
remediation  projected  to  last  3  to  5  years 


APPROX.  COST:  $20/tonne  in-situ  treated  soil;  project  not  yet  complete;  $450,000  capital  and 
$50,000  -  $100,000/year  operating  and  maintenance  for  two  years 

COMMENTS:  the  contaminated  area  consists  of  two  separate  sources  of  contamination  for  petroleum 
hydrocarbons  and  chlorinated  solvents;  upper  3  metres  of  soil  in  vadose  zone  are  contaminated  with 
BTEX  and  oil  and  grease;  zone  between  6  and  9  metres  in  depth  contains  soil  and  ground  water 
contaminated  with  chlorinated  organics;  83  SVE  wells  at  a  flow  rate  of  60  scfm  per  well;  2-4000  lb 
carbon  (per  unit)  treatment  units  for  vapour  treatment  at  2400  scfm  per  unit;  SOURCE  OF 
INFORMATION:  MOEE  Hamilton  Region  office  files  and  Paul  Wilson  of  Groundwater  Technology 
Canada  Ltd.  in  Mississauga 
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CASE  STUDY  #7 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Breslau 

NAME  OF  COMPANY:    Groundwater  Technology  Canada  Ltd.  for  client 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  historic  releases  of  oil  containing  PCB,   separate  phase  hydrocarbon 
(SPH)  plume  on  top  of  water  table 

AT  RISK:  ground  water,  soil  contamination;  private  remediation  project 

TECHNOLOGY  USED:  pUot  scale  steam  injection  to  enhance  mobility  of  oil  and  separate  phase 
hydrocarbons;  soil  vapour  extraction  (SVE)  to  control  steam  propagation 

BRIEF  DESC.  OF  TECHNOLOGY:  pilot  scale  system  consisted  of  pumping  of  ground  water  to 
depress  the  water  table  and  recover  heated  separate  phase  hydrocarbons  (SPH),  steam  injection  at  4 
points  around  ground  water  depression  cone;  SPH  heated  to  100  degrees  C  to  increase  viscosity;  SVE 
designed  to  control  steam  migration  and  breakout  to  atmosphere 

TREATMENT  RATE:   not  applicable;  pilot  scale  study 

BEFORE/AFIHR  CONCENTRATIONS:  not  applicable;  pilot  study  to  determine  project  parameters 

DURATION  OF  REMEDIATION:    7  months 

APPROX.  COST:  not  applicable;  pilot  scale  project 


COMMENTS:  a  pilot  scale  project  to  determine  the  parameters  necessary  to  recover  the  oil  and 
separate  phase  hydrocarbons;  one  ground  water  pumping  well  6. 1  m  deep,  four  steam  injection  wells 
3.4  to  6.1  m  deep,  eight  SVE  wells  1.5  to  2.0  m  deep;  rate  of  steam  injection  at  120  kg/hr  for  12 
days;  soil  temperature  maintained  at  100  degrees  C;  difficulty  in  controlling  steam  breakthrough  at 
surface;  SOURCE  OF  INFORMATION:  MOEE  Hamilton  Region  office  files  and  Paul  WUson  of 
Groundwater  Technlogy  Canada  Ltd.  in  Mississauga,  Ontario 
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CASE  STUDY  #8 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Chemical  production  plant  in  eastern  Ontario 

NAME  OF  COMPANY:  Laidlaw  Waste  Systems,  Laidlaw  Environmental  Services  for  client 

MEDIUM  CONTAMINATED:  surface  soil 

MAIN  CONTAMINANTS:  xylene 

AT  RISK:  private  site  remediation  in  preparation  for  a  new  manufacturing  facility 

TECHNOLOGY  USED:  low  temperature  thermal  desorption  (LTTD) 

BRIEF  DESC.  OF  TECHNOLOGY:  standard  LTTD  technology  used  to  clean  excavated  soil  and 
backfill  on  site;  control  of  ground  water  to  prevent  recontamination 

TREATMENT  RATE:   20-30  tonnes/hour 

BEFORE/AFTER  CONCENTRATIONS:  xylene  reduced  to  less  than  1.0  ppb;  most  cases  non- 
detectable 

DURATION  OF  REMEDIATION:    5  months 

APPROX.  COST:  approximately  $  3  million;  $85  per  tonne 

COMMENTS:  35,000  tonnes  of  soil  processed;  it  is  Laidlaw's  opinion  that  the  cost  of  mobilization  of 
the  LTTD  unit  makes  it  suitable  for  only  medium  to  large  remedial  efforts,  and  that  the  contaminant 
must  be  suitable  for  this  process,  ie.  volatile  hydrocarbons  in  relatively  low  concentrations 
SOURCE  OF  INFORMATION:  R.  Szudy/Rod  Turnbull,  Laidlaw  Environmental  Services  Ltd., 
Central  Region 
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CASE  STUDY  #9 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  southwestern  Ontario;  confidential 

NAME  OF  COMPANY:  O'Connor  Associates  Environmental  Inc.  on  behalf  of  a  major  of  oil 
company 

MEDIUM  CONTAMINATED:  limestone  bedrock  and  ground  water 

MAIN  CONTAMINANTS:    various  refined  petroleum  products  (BTEX.  TPH) 

AT  RISK:   surrounding  residential  water  wells 

TECHNOLOGY  USED:  pump,  treat  and  flush  system 

BRIEF  DESC.  OF  TECHNOLOGY:  ground  water  is  recovered  from  peripheral  wells,  treated 
successively  by  coalescing  filter,  multi-media  filter  and  enhanced  oxidation  (ultraviolet  light 
and  hydrogen  peroxide)  and  injected  into  the  bedrock  near  the  spill  site;  excess  water  is 
discharged  to  a  nearby  stream 

TREATMENT  RATE:    70  L/min 

BEFORE/AFTER  CONCENTRATIONS:  plant  influent:  5  ppm  TPH  before,  <  0.001  ppm 
after;    ground  water  dissolved  BTEX  plume  is  shrinking 

DURATION  OF  REMEDIATION:    3  years  completed  and  3  more  years  anticipated 

APPROX.  COST:    $  1  50,000  start-up  and  $  70,000/year  to  operate 

COMMENTS:  ground  water  recovery  and  area  of  capture  was  enhanced  by  blast  fracturing 
the  bedrock;  treated  ground  water  is  injected  into  a  bedrock  recharge  zone  to  flush  the 
residual  hydrocarbons  from  the  rock  fractures;  recovery/treatment  system  is  fully  automated 
with  telephone/alarm  link  to  office;  completion  of  cleanup  to  be  based  on  site-specific  risk 
assessment  and  natural  bio-attenuation  of  BTEX;  SOURCE  OF  INFORMATION:  Ronald  McKee, 
O'Connor  Assoc.  Env.  Inc.  office  in  Oakville,  Ontario 


remedial.  9  -A  10- 


CASE  STUDY  #10 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  south-central  Ontario;  confidential 

NAME  OF  COMPANY:  O'Connor  Associates  Environmental  Inc.  on  behalf  of  a  major  chemical 
company 

MEDIUM  CONTAMINATED:  soil  (sand)  and  water  table  aquifer 

MAIN  CONTAMINANTS:    fuel  oil  (BTEX,  TPH) 

AT  RISK:    building  occupants,  future  land  use 

TECHNOLOGY  USED:  ex-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  contaminated  soil  excavated  and  replaced  in  biocell 
constructed  in  the  excavation;  bioremediation  enhanced  through  the  addition  of  nutrients 
(fertilizer,  water  and  oxygen)  and  the  circulation  of  vapours  derived  from  soil  vapour  extraction 
system  in  the  cell 

TREATMENT  RATE:    500  m='  soil  in  6  months 

BEFORE/AFTER  CONCENTRATIONS:  soil  TPH  was  6000  ppm  to  16000  ppm  before; 
<  100  ppm  after 

DURATION  OF  REMEDIATION:    2  summer  seasons 

APPROX.  COST:  approx.  $25/tonne 

COMMENTS:  biocell  is  entirely  below  grade;  no  vapour  emissions;  respiration  tests  confirmed 
aerobic  biodegradation  occurring;  SOURCE  OF  INFORMATION:  Ronald  McKee,  O'Connor 
Assoc.  Env.  Inc.  office  in  Oakville,  Ontario 
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CASE  STUDY  #1  1 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  southwestern  Ontario;  confidential 

NAME  OF  COMPANY:  O'Connor  Associates  Environmental  Inc.  on  behalf  of  a  major  oil 
company 

MEDIUM  CONTAMINATED:  soil  (silt)  and  water  table  aquifer 

MAIN  CONTAMINANTS:  various  refined  petroleum  products  (BTEX,  TPH) 

AT  RISK:   cultivated  farm  land  and  underlying  bedrock  aquifer 

TECHNOLOGY  USED:  ex-situ  bioremediation  (land  farming) 

BRIEF  DESC.  OF  TECHNOLOGY:  contaminated  soils  are  excavated,  spread  and  tilled  to  permit 
volatilization,  biodegradation  and  photo-oxidation  of  residual  hydrocarbons,  then  used  to 
backfill  the  excavation 

TREATMENT  RATE:    1  5,000  m^  per   6  month  season  per  year 

BEFORE/AFTER  CONCENTRATIONS:  soil  TPH  1000  ppm  to  5000  ppm  before,  less  than 
100  ppm  after 

DURATION  OF  REMEDIATION:    5  years,  completed  and  1  more  year  anticipated 

APPROX.  COST:    approximately  $  1  5/m^ 

COMMENTS:  treatability  study  indicated  there  was  a  sufficient  supply  of  indigenous  microbes 
and  nutrients;  SOURCE  OF  INFORMATION:  Ronald  McKee,  O'Connor  Assoc.  Env.  Inc.  office 
in  Oakville,  Ontario 
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CASE  STUDY  #12 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  south-central  Ontario;  confidential 

NAME  OF  COMPANY:  O'Connor  Associates  Environmental  Inc.  on  behalf  of  a  major  oil 
company 

MEDIUM  CONTAMINATED:  soil  (sands)  and  ground  water  (water  table  aquifer) 

MAIN  CONTAMINANTS:  gasoline  (BTEX,  TPH) 

AT  RISK:  adjacent  residence  (hydrocarbon  vapours)  and  surrounding  water  wells  (dissolved 
BTEX) 

TECHNOLOGY  USED:  ground  water  pump-and-treat  and  soil  vapour  extraction 

BRIEF  DESC.  OF  TECHNOLOGY:  ground  water  pumped  at  a  low  rate  from  the  dissolved  plume 
and  shipped  for  offsite  recycling;  pumping  at  a  high  rate  conducted  below  the  plume  and  the 
clean  water  discharged  to  a  storm  sewer  without  treatment;  vapour  extraction  used  to  remove 
subsurface  vapours  and  residual  soil  contamination 

TREATMENT  RATE:    ground  water:  60  L/min;   vapour  removal:  30  L/s 

BEFORE/AFTER  CONCENTRATIONS:  maximum  TPH  concentration  in  ground  water  initially  at 
4.5  mg/L;  TPH  not  detected  at  completion  of  remediation;  soil  vapour  concentrations 
decreased  from  explosive  levels  to  background  levels 

DURATION  OF  REMEDIATION:  pump-and-treat:  4.5  years;  vapour  extraction:  first  1 .5  years 

APPROX.  COST:    $1  50,000;  unit  costs  not  available 

COMMENTS:  used  hydrogen  peroxide  to  reduce  iron  bacterial  fouling  of  pumping  equipment; 
no  vapour  extraction  off  gas  treatment  necessary;  SOURCE  OF  INFORMATION:  Ronald  McKee, 
O'Connor  Assoc.  Env.  Inc.  office  in  Oakville,  Ontario 
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CASE  STUDY  #13 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  south-central  Ontario;  confidential 

NAME  OF  COMPANY:  O'Connor  Associates  Environmental  Inc.  on  behalf  of  a  major  oil 
company 

MEDIUM  CONTAMINATED:  soil  (sand  fill)  and  water  table  aquifer 

MAIN  CONTAMINANTS:  gasoline  (BTEX,  TPH) 

AT  RISK:    on-site  occupants  and  adjacent  commercial  properties 

TECHNOLOGY  USED:  pump-and-treat  and  vapour  extraction;  bioslurping 

BRIEF  DESC.  OF  TECHNOLOGY:  pump-and-treat  system  consists  of  liquid  gasoline  recovered 
by  coalescing  filter  then  recycled;  decanted  ground  water  is  treated  by  municipal  sewage 
treatment  plant;  hydrocarbons  in  collected  vapours  are  destroyed  by  catalytic  oxidation 

TREATMENT  RATE:  ground  water:  10  L/min;   vapour  removal:  150  L/s;  approximately 
1800  m^  of  soil  within  radius  of  influence  of  vapour  extraction  system 

BEFORE/AFTER  CONCENTRATION:  recovered  dissolved  and  vapour  phase  hydrocarbons  are 
destroyed  prior  to  release  to  the  environment;  average  soil  total  BTEX  concentrations  were 
1  65  ppm  before  vapour  extraction  and  1  5  ppm  after  1  2  months 

DURATION  OF  REMEDIATION:    1 2  months  to  date;  not  complete 

APPROX.  COST:  $  100,000/year  operation  costs;  unit  cost  not  available 

COMMENTS:  following  removal  of  the  most  severe  contamination  by  pump-and-treat  and 
vapour  extraction,  the  system  has  been  replaced  by  a  lower  cost  bioslurping  system  involving 
water  skimming  and  bioventing;  SOURCE  OF  INFORMATION:  Ronald  McKee,  O'Connor  Assoc. 
Env.  Inc.  office  in  Oakville,  Ontario 
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CASE  STUDY  #14 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Mississauga 

NAME  OF  COMPANY:  former  Wood  Treating  Facility 

MEDIUM  CONTAMINATED:  upper  2  metres  of  soil 

MAIN  CONTAMINANTS:  copper,  chromium,  arsenic 

AT  RISK:    NA;  private  site  remediation  for  redevelopment  of  the  site 

TECHNOLOGY  USED:  soil  washing 

BRIEF  DESC.  OF  TECHNOLOGY:  metal  are  recovered  from  soil  in  a  pH  adjusted  water  medium, 
the  wash  water  is  chemically  treated  to  precipitate  the  metals,  and  the  metal  containing  sludge  is 
disposed  at  an  approved  facility.  The  treated,  clean  water  is  discharged  into  the  sanitary  sewer 
system. 

TREATMENT  RATE:    not  available 

BEFORE/ AFTER  CONCENTRATIONS:  *  arsenic  up  to  2750  ppm  reduced  to  less  than  50  ppm; 

*  copper  up  to  1400  ppm  reduced  to  less  than  225  ppm; 

*  total  chromium  up  to  795  ppm  reduced  to  less  than 

725  ppm 

DURATION  OF  REMEDIATION:    approximately  one  year 

APPROX.  COST:  not  available 

COMMENTS:  the  contamination  originated  from  historic  operation  of  the  site  as  a  wood  treating 
facility;  the  cleanup  was  for  the  purpose  of  redevelopment  of  the  site  for  industrial  use;  18,000  cubic 
metres  of  soil,  mainly  gravel  was  processed;  an  additional  7,000  cubic  metres  of  fine  soil  was 
processed  but  the  arsenic  criteria  of  50  ppm  could  not  be  met  and  this  soil  was  ultimately  dispose  of; 
confirmatory  sampling  of  the  soil  is  yet  to  be  done  as  of  July  1995;  SOURCE  OF  INFORMATION: 
MOEE  District  office  files  in  Oakville 
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CASE  STUDY  #15 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Mississauga 

NAME  OF  COMPANY:  Petro-Canada 

MEDIUM  CONTAMINATED:  soil 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons  (BTEX) 

AT  RISK:  the  site  is  a  facility  to  bioremediate  imported  soil  from  Petro-Canada  service  stations 

TECHNOLOGY  USED:  ex-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  the  site  consists  of  five  engineered  bioremediation  cells,  2,000 
tonnes  each;  each  cell  is  0.5  m  below  grade  and  approximately  10.5  above  site  grade;  each  cell  is  line 
with  plastic  liner,  and  contains  drainage/collection  lines  to  collect  porewater,  free  product,  and 
petroleum  hydrocarbon  vapour;  each  cell  is  covered  by  a  "solar  blanket"  to  limit  release  of  fugitive 
emissions;  soil  treatment  consists  of  soil  tilling  and  the  addition  of  nutrients;  water  and  vapours  are 
treated  before  discharge 

TREATMENT  RATE:   approximately  4  weeks  per  cell 

BEFORE/ AFTER  CONCENTRATIONS:  hydrocarbon  contaminated  soil  reduced  to  meet  MOEE 
guidelines  for  BTEX  and  total  petroleum  hydrocarbons 

DURATION  OF  REMEDIATION:   this  is  a  permanent  site  to  treat  imported  soil  from  mdividual 
sites  contaminated  with  petroleum  hydrocarbons 

APPROX.  COST:  $25  to  $30/tonne  (includes  transportation) 


COMNJENTS:  contaminated  soil  from  Petro-Canada  service  stations  are  brought  to  this  site  for 
treatment,  and  clean  soil  is  returned  to  the  excavation  sites;  vapours  are  treated  through  a  biofilter 
consisting  of  vegetative  organic  matter  contained  within  a  pressurized  metal  treatment  vessel;  vapours 
and  water  are  monitored  before  discharge;  SOURCE  OF  INFORMATION:  file  information  provided 
by  F.  Self,  Petro-Canada  Products,  North  York,  Ontario. 
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CASE  STUDY  #16 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:  Cornwall 

NAME  OF  COMPANY:  Proctor  &  Redfern  Limited  for  client 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons,   xylene  ' 

AT  RISK:  private  site  cleanup  to  prevent  off-site  migration  of  contaminated   ground  water 

TECHNOLOGY  USED:  low  temperature  thermal  desorption  (LTTD) 

BRIEF  DESC.  OF  TECHNOLOGY:  normal  LTTD  technology;  contaminated  soil  heated  in  a  mobile 
rotary  kiln  to  volatilize  contaminants,  followed  by  the  destruction  of  volatile  components  in  a 
secondary  combustion  unit 

TREATMENT  RATE:   approximately  30  tonnes/hr 

BEFORE/AFTER  CONCENTRATIONS:  BTEX;  maximum  concentration  of  15,000  ppm  reduced  to 
less  than  5  ppm 

DURATION  OF  REMEDIATION:    3.5  months 

APPROX.  COST:  $2.5  million  total;  $47/tonne  (includes  excavation) 

COMMENTS:  the  contamination  was  the  result  of  historic  industrial  operations  on  the  site,  and  the 
cleanup  was  aprivate  site  remediation  project  to  prevent  the  contamination  of  ground  water;  although 
xylene  contaminated  soils  were  treated,  it  was  also  possible  to  treat  heavier  petroleum  contaminated 
soU;  SOURCE  OF  INFORMATION:  D.  White,  Proctor  &  Redfern  Ltd.  files  in  Hamilton 
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CASE  STUDY  #17 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


T.OCATION  OF  SITE:  Toronto 

NAME  OF  COMPANY:  Gartner  Lee  Ltd.  on  behalf  of  client 

MEDIUM  CONTAMINATED:  ground  water 

MAIN  CONTAMINANTS:  mineral  oil,  PCB 

AT  RISK:  ground  water  infiltration  into  basement  of  adjacent  property 

TECHNOLOGY  USED:  product  recovery,  filtration  of  oil  from  ground  water 

BRIEF  DESC.  OF  TECHNOLOGY:  ground  water  recovery  wells  on  subject  property  and  pumps 
installed  in  basement  of  adjacent  property  to  collet  contaminated  ground  water;  ground  water  pumped 
through  fabric  filter  with  affinity  for  oil  prior  to  discharge  into  sanitary  sewer; 

TREATMENT  RATE:    intermittent,  as  ground  water  accumulated  in  basement 

BEFORE/ AFTER  CONCENTRATIONS:  treatment  of  ground  water  to  below  sewer  use  by-law  limit 
of  15  mg/1  oil  and  grease;  PCBs  not  detected  in  ground  water 

DURATION  OF  REMEDIATION:    started  in  1990;  ongoing  in  1995 

APPROX.  COST:  $100,000;  unit  cost  not  available 

COMMENTS:  SOURCE  OF  INFORMATION:  Steven  Gable,  Gartner  Lee  Limited  in  Markham, 
Ontario 
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CASE  STUDY  #18 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:    21  sites  in  Ontario 

NAME  OF  COMPANY:    Imperial  Oil  Limited 

MEDIUM  CONTAMINATED:    unsaturated  soil 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons;  BTEX 

AT  RISK:  ground  water,  air;  private  soil  cleanups 

TECHNOLOGY  USED:  soil  vapour  extraction/carbon  filtration  and  catalytic  converter 
system 

BRIEF  DESC.  OF  TECHNOLOGY:    2.5"  PVC  screened  and  slotted  vertical  pipes  in  the 
unsaturated  soil  and  connected  to  a  common  header  which  is  connected  to  a  suction  pump 
in  line  with  activated  carbon  filled  drums  or  a  catalytic  converter  system 

TREATMENT  RATE:    variable; 

BEFORE/AFTER  CONCENTRATIONS:  soil  not  sampled  routinely;  soil  treatment  considered 
complete  when  gasoline  vapours  (BTEX)  from  contaminated  soil  reduced  to  less  than  200 
ppm  BTEX 

DURATION  OF  REMEDIATION:    3  to  1 8  months 

APPROX.  COST:  $50,000  to  $100,000  per  service  station  site,  depending  on  the  site 
conditions 

COMMENTS:    the  technology  is  applied  at  operating  service  station  sites  and  at  sites 
where  off-site  impacts  need  addressing;  the  systems  work  well  in  sandy  to  siity  soil,  and 
do  not  work  in  clay  or  where  water  table  is  shallow;  carbon  filters  are  used  where  small 
volumes/rates  of  VOCs  need  treatment;  catalytic  converter  is  used  where  large 
volumes/raters  of  VOCs  are  produced;  SOURCE  OF  INFORMATION:  Z.  Hasan  of  Imperial 
Oil  Ltd.  in  Don  Mills 
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CASE  STUDY  #  19 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:    4  sites  in  Ontario 

NAME  OF  COMPANY:    Imperial  Oil  Ltd./Barenco  Inc. 

MEDIUM  CONTAMINATED:    soil 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons/BTEX 

AT  RISK:   ground  water;  private  cleanups 

TECHNOLOGY  USED:  ex-situ,  natural  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:    petroleum  hydrocarbon  contaminated  soil  is  enriched 
with  nutrients  (fertilizer)  and  placed  in  piles  covered  with  plastic  sheets;  4"  perforated 
piping  installed  to  supply  air  as  required;  mobile  air  pumping  system  is  used  to  provide 
further  oxygen  enrichment  as  required 

TREATMENT  RATE:     NA 

BEFORE/AFTER  CONCENTRATIONS:  before:  up  to  25,000  ppm  TPH  in  soil 

after:  less  than  100  ppm  TPH  in  soil 

DURATION  OF  REMEDIATION:    6  to  24  months 

APPROX.  COST:  $  25  to  $50  per  cubic  metre,  depending  on  site  conditions  and  the 
concentration  of  the  contaminants 

COMMENTS:    the  technology  is  applied  mainly  to  degrade  residual  gasoline  and  diesel  fuel 
contaminated  soil  (no  free  product)  at  non-operation  service  station  sites;  works  well  in 
sandy  to  clayey  soils;  air  is  pumped  in  through  4"  piping  approximately  every  2  months; 
SOURCE  OF  INFORMATION:  Z.  Hasan  of  Imperial  Oil  Ltd.  in  Don  Mills  and  J.  Phimister  of 
Barenco 
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CASE  STUDY  #  20 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:    Smithville 

NAME  OF  COMPANY:    for  MOEE 

MEDIUM  CONTAMINATED:    soil,  ground  water 

MAIN  CONTAMINANTS:  waste  oil  containing  PCB  and  other  organics 

AT  RISK:    public  health,  ground  water 

■  TECHNOLOGY  USED:  high  temperature  incineration  of  contaminated  soil;  pumping  and 
treatment  of  contaminated  ground  water  to  contain  the  spread  of  contamination 

BRIEF  DESC.  OF  TECHNOLOGY:    the  treatment  of  contaminated  soil  involved  standard  kiln 
technology  to  destroy  PCB-contaminated  solids,  liquids,  sludges  and  the  treatment  of 
contaminated  soil;  to  control  the  migration  of  contaminated  ground  water,  the  water  is 
pumped  to  the  surface  and  treated  chemically  before  discharge  to  the  local  sanitary  sewer; 
research  is  ongoing  to  determine  cleanup  technologies  to  applicable  for  the  cleanup  of 
limestone  bedrock  contaminated  by  the  waste  oil  containing  PCBs 

TREATMENT  RATE:    average:  30  tonnes/day;  up  to  100  tonnes/day 

BEFORE/AFTER  CONCENTRATIONS:  no  detectable  contaminants  levels  in  treated  soil; 
ground  water  remediation  not  yet  started 

DURATION  OF  REMEDIATION:  soil  cleanup  lasted  less  than  one  year;  ground  water  control 
measures  on-going  as  of  1995  and  expected  tb  last  another  5  years  while  research  is 
being  conducted  to  determine  ways  of  removing  contaminants  from  limestone  bedrock; 

APPROX.  COST:  $22.48  million;  $2737/m' 

COMMENTS:    821 3m^  of  contaminated  soil  treated,  plus  other  contaminated  materials 
such  as  transformers;  the  site  was  a  transfer  station  for  PCB-laden  waste  oil  and  contained 
other  hazardous  waste  that  discharged  into  the  ground  as  the  result  of  poor  housekeeping 
on  the  site;  soil  and  ground  water  was  contaminated;  limestone  bedrock  is  shallow  and 
contains  the  waste  from  the  site;  the  local  municipal  ground  water  source  was  switched  to 
a  surface  water  source  supplying  Grimsby;  the  site  contains  a  permanent  water  treatment 
facility  for  ground  and  surface  water;  SOURCE  OF  INFORMATION:  MOEE  Regional  office  in 
files  Hamilton 
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CASE  STUDY  #  21 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:    Rednersville 

NAME  OF  COMPANY:  Ministry  of  Environment  and  Energy 

MEDIUM  CONTAMINATED:    ground  water,  soil 

MAIN  CONTAMINANTS:  trichloroethylene,  vinyl  chloride 

AT  RISK:   domestic  ground  water  supplies 

TECHNOLOGY  USED:  ground  water  pump  and  treat  and  natural  flushing  of  ground  water 

BRIEF  DESC.  OF  TECHNOLOGY:    contaminated  soil  has  been  excavated  and  disposed  of; 
ground  water  is  treated  by  point-of-use  carbon  treatment  systems  on  residential  water 
supply  systems;  treatment  consists  of  downhole  hydrogen  peroxide  pretreatment,  followed 
by  granular  activated  carbon  filter  connected  in  series  and  ultraviolet  lamp; 

TREATMENT  RATE:     4/5  gallons  per  minute 

BEFORE/AFTER  CONCENTRATIONS:  TCE  concentration  up  to  320  ppb  reduced  to  non- 
detectable  at  point  of  use;  TCE  concentration  in  the  ground  water  contamination  plume  are 
slowly  decreasing 

DURATION  OF  REMEDIATION:    ground  water  treatment  started  in  1988;  on-going  as  of 
August  1995;  expect  another  2  to  3  years  before  natural  flushing  will  reduce  contaminant 
level  to  acceptable  concentrations 

APPROX.  COST:  $1  million;  per  unit  cost  not  available 

COMMENTS:    contamination  originated  from  an  illegal  dumping  of  industrial  waste;  ground 
water  contamination  is  being  flushed  through  by  natural  infiltration  of  precipitation  and  by 
domestic  pumping  of  wells;  the  TCE   and  cis-1-,2-DCE,  a  transformation  product  of  TCE, 
contaminant  plume  is  weakening  in  some  areas  and  increasing  in  strength  in  other  areas  as 
it  moves  downgradient  in  the  direction  of  ground  water  flow;    SOURCE  OF  INFORMATION: 
MOEE  District  office  file  in  Belleville 
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CASE  STUDY  #  22 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:    9  site  locations  in  Ontario 

NAME  OF  COMPANY:    Arcturus  Environmental  on  behalf  of  clients 

MEDIUM  CONTAMINATED:    ground  water 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons  (gasoiine/diesel  fuel) 

AT  RISK:    ground  water 

TECHNOLOGY  USED:  granular  activated  carbon    . 

BRIEF  DESC.  OF  TECHNOLOGY:    ground  water  is  pumped  from  on-site  recovery  wells  to 
an  oil/water  separator  where  free-phase  petroleum  product  is  separated  from  the 
contaminated  ground  water;  the  water  is  passed  through  a  sand  filter  and  then  through  a 
granular  activated  carbon  treatment  cell;  the  treated  water  is  discharged  to  a  sanitary 
sewer; 

TREATMENT  RATE:     variable;  10  to  20  gallons  per  minute,  depending  on  concentration  of 
contaminants  and  ground  water  pumping  rate 

BEFORE/AFTER  CONCENTRATIONS:  concentrations  up  to  1000  ppm  TPH  in  ground  water 
reduced  to  10  ppm 

DURATION  OF  REMEDIATION:    variable  project  durations  from  months  to  years 

APPROX.  COST:  $0.01 /litre  to  $0.25/litre 

COMMENTS:    the  treatment  of  ground  waters  constitute  only  part  of  the  site  remediation 
project  from  which  the  above  information  has  been  summarized;  these  treatments  often 
accompany  soil  remediation  by  treatment  technologies  appropriate  for  the  situation; 
SOURCE  OF  INFORMATION:  A.  Maddalena  of  Arcturus  Environmental  in  Niagara  Falls, 
Ontario 
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CASE  STUDY  #  23 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:    1  1  site  locations  in  Ontario 

NAME  OF  COMPANY:    Arcturus  Environmental  on  behalf  of  clients 

MEDIUM  CONTAMINATED:    soil 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons  (gasoiine/diesel  fuel) 

AT  RISK:    ground  water;  private  site  remediation  projects 

TECHNOLOGY  USED:  ex-situ,  natural  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:    contaminated  soil  is  excavated  and  placed  in  a  biological 
treatment  area  that  is  lined  with  HOPE  to  prevent  the  migration  of  any  contaminated  pore 
water;  nutrients  are  added,  usually  monthly,  to  the  soil  and  augmented  by  the  application 
of  water-soluble  fertilizer  that  is  mixed  into  the  soil;  pora  water  is  collected  from  the 
treatment  area  and  treated  in  an  on-site  granular  activated  carbon  treatment  system; 

TREATMENT  RATE:     NA 

BEFORE/AFTER  CONCENTRATIONS:  TPH  concentrations  in  soil  up  to  30,000  ppm  are 
reduced  to  below  50  ppm 

DURATION  OF  REMEDIATION:    usually  between  60  and  90  days 

APPROX.  COST:  $2/tonne  to  $33/tonne,  depending  on  the  complexity  of  the  site 
remediation  project 

COMMENTS:    the  ex-situ  bioremediation  treatment  of  soil  may  be  part  of  a  total  site 
remediation  project  that  includes  the  treatment  of  contaminated  ground  water;  the 
technology  is  most  effective  in  the  summer  months;  SOURCE  OF  INFORMATION:  A. 
Maddalena  of  Arcturus  Environmental  in  Niagara  Falls,  Ontario 
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CASE  STUDY  #  24 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  ONTARIO 


LOCATION  OF  SITE:    Hamilton 

NAME  OF  COMPANY:    Jacques  Whitford  Environment  Ltd.  for  client 

MEDIUM  CONTAMINATED:    soil,  ground  water 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons  (BTEX)      • 

AT  RISK:    petroleum  vapours  in  manholes,  catch  basins 

TECHNOLOGY  USED:  soil  vapour  extraction  (SVE) 

BRIEF  DESC.  OF  TECHNOLOGY:    water  table  was  lowered  to  recover  free-phase 
hydrocarbons  and  allow  vapour  extraction  in  unsaturated  zone;  ground  water  was  treated 
by  activated  carbon  before  discharge  to  sanitary  sewer;  vapours  were  treated  through  a 
catalytic  vapour  treatment  module 

TREATMENT  RATE:     2340  litres  of  liquid  hydrocarbons  removed  by  SVE  from  unsaturated 
zone  and  treated  over  8  months 

BEFORE/AFTER  CONCENTRATIONS:  up  to  6700  ppm  TPH  still  remaining  in  the  soil  locally 

DURATION  OF  REMEDIATION:    approximately  8  months 

APPROX.  COST:  not  available 

COMMENTS:     the  SVE  was  not  effective  in  the  removal  of  BTEX  contamination  from  soil 
in  the  saturated  zone  below  MOEE  Level  III  criteria;  because  of  a  continued  source  of 
hydrocarbons  on  the  water  table,  it  is  not  possible  to  determine  the  effectiveness  of  the 
SVE  in  the  cleanup  of  the  contaminated  unsaturated  soil,  although  vapour  levels  have  been 
decreased  and  it  is  claimed  that  the  SVE  process  was  effective  in  the  cleanup  of  the 
unsaturated  soil;  up  to  22  mm  of  floating  hydrocarbon  was  detected  on  the  water  table; 
SOURCE  OF  INFORMATION:  MOEE  Hamilton  Region  office  files 
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APPENDIX  B:  CASE  STUDIES  IN  OTHER  JURISDICTIONS 


NOTE:  the  case  study  sheets  contain  a  mix  of  metric  and  English  units  as  provided  by  the 
respondents;  to  maintain  integrity  and  accuracy  of  the  information  as  provided  by  the 
respondents,  no  attempt  has  been  made  to  change  to  one  set  of  units 
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CASE  STUDY  #25 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  QUEBEC 


LOCATION  OF  SITE:  Montreal,  P.Q. 

NAME  OF  COMPANY:  Groundwater  Technology  Inc.  for  Shell  Canada 

MEDIUM  CONTAMINATED:  soil 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons 

AT  RISK:  Shell  Canada  Products  Ltd.  site  remediation 

TECHNOLOGY  USED:  ex-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  2  treatment  cells  on  cement  pads;  capacity  of  each  cell  =  1200 
cu  m  of  soil;  venting  systems  for  aeration  of  contaminated  soils;  soil  conditioning  by  addition  of 
gypsum,  mixing,  addition  of  natural  filler  to  increase  soil  permeability,  and  addition  of  nutrients; 

TREATMENT  RATE:   not  applicable 

BEFORE/AFTER  CONCENTRATIONS:  before:  6500  mg/kg  total  petroleum  hydrocarbons 

after  10  months:  790  mg/kg  TPH 

DURATION  OF  REMEDIATION:  12  months 

APPROX.  COST:  not  available 

COMMENTS:  3000  cu  m  contaminated  soil;  low  permeability  clay  soil  of  concern;  treatment 
progressed  during  winter  months;  a  permanent  facility  to  treat  contaminated  soil  at  the  facility 
REFERENCE:  "Bioremediation  Treats  Contaminated  Soils  in  Canadian  Winter";  Oil  &  Gas  Journal, 
Nov.  2,  1992. 
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CASE  STUDY  #26 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Catasauqua,  Pa 

NAME  OF  COMPANY:  Groundwater  Technology  Inc.  for  client 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  940  gallons  of  leaded  gasoline;  hydrocarbons 

AT  RISK:  communal  water  supply  well 

TECHNOLOGY  USED:  combination  of  recovery  wells,  air  stripping,  in-situ  bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  recovery  wells  pumped  contaminated  water  to  air  stripper,  and 
clean  water  was  returned  to  ground  through  infiltration  gallery;  in-situ  bioremediation  involved 
addition  of  hydrogen  peroxide  and  a  nutrient  mixture  of  organic  elements  to  remediate  the 
contaminated  soil 

TREATMENT  RATE:  not  applicable 

BEFORE/ AFTER  CONCENTRATIONS:  NA;  claim  99%  reduction  in  contaminants  to  1  ppb  total 
hydrocarbons  in  the  recovery  wells 

DURATION  OF  REMEDIATION:  18  months 

APPROX.  COST:  not  available 

COMMENTS:  claim  bioremediation  to  be  faster  in  this  case  than  pump/treat  and  air  stripping  alone; 
REFERENCE:  "Bioremediation  Saves  Groundwater  Supply"  in  PUBLIC  WORKS  publication  of 
Indiana,  May  1988 
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CASE  STUDY  #27 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Pine  Barrens,  NJ 

NAME  OF  COMPANY:  Groundwater  Technology  Inc.  for  client 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  unleaded  gasoline;  hydrocarbons 

AT  RISK:  ground  water;  fire,  explosion  hazard  due  to  spill 

TECHNOLOGY  USED:  on-site  ground  water  extraction  and  treatment;  soil  vapour  extraction  and 
bioremediation 

BRIEF  DESC.  OF  TECHNOLOGY:  extracted  ground  water  treated  by  air  stripping;  this  effluent  was 
mixed  with  nutrients  and  hydrogen  peroxide,  and  reinjected  into  vadose  zone  to  accelerate  in-situ 
bioremediation  of  adsorbed  contaminants;  soil  vapour  extraction  applied  to  pile  of  excavated  soil  on 
surface  and  contaminated  soil  in  the  vadose  zone;   catalytic  oxidation  of  air  emissions 

TREATMENT  RATE:  35  gallons  of  gasoline  per  month  by  air  stripping; 

3  gallons  of  gasoline  per  day  by  soil  vapour  extraction 

BEFORE/ AFTER  CONCENTRATIONS:    not  available 

DURATION  OF  REMEDIATION:  not  available 

APPROX.  COST:  US$600K  -  US$800K 

COMMENTS:  6800  cu  yards  of  contaminated  soil  in  vadose  zone;  only  small  amount  of  spill  reached 
the  water  table;  REFERENCE:  "  GTI  Project  Profile:  Southeastern  New  Jersey  Fuel  Distribution 
Facility,  May  1992"; 
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CASE  STUDY  #28 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Houston,  Texas 

NAME  OF  COMPANY:  Groundwater  Technology  for  client 

MEDIUM  CONTAMINATED:  soil 

MAIN  CONTAMINANTS:  petroleum  hydrocarbons 

AT  RISK:  private  site  cleanup 

TECHNOLOGY  USED:  thermal  desorption,  air  sparging,  bioremediation  and  aeration  of 
contaminated  ground  water 

BRIEF  DESC.  OF  TECHNOLOGY:  on-site  thermal  desorption  of  27,000  tons  of  excavated 
contaminated  soil;  contaminated  ground  water  recovery  and  treatment  by  air  sparging  and  in-situ 
bioremediation;  biodegradation  and  aeration  of  contaminated  ground  water  seeping  into  excavation; 

TREATMENT  RATE:  thermal  desorption  of  500  tons  per  day  (max) 

BEFORE/AFTER  CONCENTRATIONS:  not  available 

DURATION  OF  REMEDIATION:  not  available 

APPROX.  COST:  not  available 

COMMENTS:  27,000  tons  of  contaminated  soil;  REFERENCE:  "GTI  Project  Profile:  Texas  Water 
Commission  Eastex  Freeway  Site,  April  1992" 
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CASE  STUDY  #29 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Quincy,  Mass. 

NAME  OF  COMPANY:  Groundwater  Technology  Inc.  for  client 

MEDIUM  CONTAMINATED:  ground  water 

MAIN  CONTAMINANTS:  #2  fuel  oil;  hydrocarbons 

AT  RISK:  river  water 

TECHNOLOGY  USED:  liquid-phase  recovery  of  petroleum;  air  stripper  to  treat  ground  water; 

BRIEF  DESC.  OF  TECHNOLOGY:  lower  water  table  with  7  wells  to  create  hydraulic  trap;  pump 
contaminated  liquid  with  oil/water  separator  system;  treat  contaminated  ground  water  through  air 
stripper  tower  and  discharge  to  the  river 

TREATMENT  RATE:  variable;  100,000  gallons  in  first  month  of  operation;  410,500  gallons 
recovered  between  1986  and  1993 

BEFORE/AFTER  CONCENTRATIONS:  not  available;  up  to  11  feet  of  liquid-phase  fuel  oil  reduced 
to  2  inches 

DURATION  OF  REMEDIATION:  6-1-  years 

APPROX.  COST:  not  available 

COMMENTS:  600,000  gallons  of  leaked  fuel  oil;  up  to  11  feet  of  liquid-phase  petroleum;  oil/water 
separator  achieved  virtually  100%  water-free  product  recovery  that  was  reused  as  heating  oil; 
REFERENCE:  "  GTI  Project  Profile:  QQuincy,  Massachusets  Shipbuilding  Facility,  Oct.  1993" 
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CASE  STUDY  #30 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Denver,  Colorado 

NAME  OF  COMPANY:  Groundwater  Technology  Inc.  for  client 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  used  motor  oil;  hydrocarbons 

AT  RISK:  private  site  cleanup 

TECHNOLOGY  USED:  in-situ  bioremediation;  vapour  extraction 

BRIEF  DESC.  OF  TECHNOLOGY:  in-situ  bioremediation  used  indigenous  bacteria  stimulated  with 
additions  of  atmospheric  oxygen  and  inorganic  nutrients;  contaminated  ground  water  treated  with 
carbon  adsorption  and  returned  to  aquifer  after  additions  of  nutrient  and  hydrogen  peroxide;  vadose 
zone  contamination  addressed  using  nutrient  infiltration  points  with  vapour  extraction; 

TREATMENT  RATE:   not  applicable 

BEFORE/AFTER  CONCENTRATIONS:  420  mg/kg  BTEX,  5200  mg/kg  TPH  as  gasoline,  12,000 
mg/kg  total  oil  and  grease  in  soil;  after  two  years,  BTEX  =  ND,  TPH  =  55  mg/kg,  total  oil/grease 
=  1900  mg/kg  in  soil; 

DURATION  OF  REMEDIATION:   3  years 

APPROX.  COST:  not  available 

COMMENTS:  26,400  lb.  of  hydrocarbons  in  ground  water  and  soil,  plus  separate-phase  oil;  35,590 
lb.  of  contaminants  removed  by  bioremediation;  4%  by  separate-phase  recovery,  2%  by  vapour 
extraaion,  and  94%  by  bioremediation;  9,000,000  gallons  of  ground  water  treated  and  reinjected; 
REFERENCE;  "GTI  Project  Profile:  Public  Service  Company  of  Colorado  Fleet  Maintenance 
Facility,  Jan.  1994" 
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CASE  STUDY  #31 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Bakersfield,  California 

NAME  OF  COMPANY:  TreaTek-CRA  Company  for  client 

MEDIUM  CONTAMINATED:  soil 

MAIN  CONTAMINANTS:  gasoline,  diesel  ftiel 

AT  RISK:  private  spill  cleanup  required  by  California  law 

TECHNOLOGY  USED:  in-situ  soil  vapour  extraction 

BRIEF  DESC.  OF  TECHNOLOGY:  three  sets  of  cluster  wells  45  feet  deep;  catalytic  oxidation 
treatment  of  vapour 

TREATMENT  RATE:    not  applicable 

BEFORE/AFTER  CONCENTRATIONS  (soiH: 

sample  depth  (ft)  BTEX  (ppm)  BTEX  (ppm) 

10  650  less  than  1 

20  2700 

30  440 

40  880 

50  1100 

DURATION  OF  REMEDIATION:    18  months 
APPROX.  COST:  $US  180.000 


COMMENTS:  site  contaminated  by  leaking  storage  tanks;  not  a  direct  hazard  to  ground  water  or  the 
environment,  but  California  law  requires  cleanup;  client  was  a  major  railroad  company  on  the  west 
coast;  SOURCE  OF  INFORMATION:  Antony  Ying,  TreaTek  -  CRA  Company  in  Niagara  Falls,  NY 
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CASE  STUDY  #32 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Gang  Mills,  New  York 

NAME  OF  COMPANY:  TreaTek-CRA  Company  for  major  fuel  distribution  company  in  the  USA 

MEDIUM  CONTAMINATED:  soil,  ground  water 

MAIN  CONTAMINANTS:  gasoline  (petroleum  hydrocarbons) 

AT  RISK:  ground  water  contamination;  private  site  cleanup 

TECHNOLOGY  USED:  in-situ  bioremediation,  soil  vapour  extraction  and  air  sparging 

BRIEF  DESC.  OF  TECHNOLOGY:  application  of  nutrients  and  microorganisms  (in  liquid  slurry) 
below  the  water  table,  and  air  sparging  to  remove  volatile  organics  from  ground  water  and 
contaminated  soil  in  the  saturated  zone;  soil  vapour  extraction  to  remove  volatile  organics  from  soil  in 
the  unsaturated  zone 

TREATMENT  RATE:   not  applicable 

BEFORE/ AFTER  CONCENTRATIONS:  (in  ground  water) 

Benzene  levels  up  to  1 100  ppb  reduced  to  non-detectable 

Ethylbenzene  levels  up  to  1200  ppb  reduced  to  non-detectable 

Toluene  levels  up  to  23000  ppb  reduced  to  non-detectable 

Xylene  levels  up  to  4000  ppb  reduced  to  non-detectable 

MTBE  (a  gasoline  additive)  levels  up  to  120  ppb  reduced  to  non-detectable 

DURATION  OF  REMEDIATION:    12  months 

APPROX.  COST:  $US50,000 

COMMENTS:  the  site  is  a  bulk  storage  terminal  contaminated  by  petroleum  hydrocarbons;  the  State 
of  New  York  allows  the  monitoring  of  ground  water  as  an  indicator  of  the  degree  of  cleanup  of  soil 
in  which  the  contamination  occurs;  no  sampling  of  soil  is  necessary  if  ground  water  is  sampled; 
SOURCE  OF  INFORMATION:  Antony  Ying,  TreaTek  -  CRA  Company  in  Niagara  Falls,  NY 
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CASE  STUDY  #33 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Long  Island,  New  York 

NAME  OF  COMPANY:  TreaTek-CRA  Company  for  local  power  plant  in  New  York 

MEDIUM  CONTAMINATED:  unsaturated  soil,  ground  water 

MAIN  CONTAMINANTS:  diesel  fuel 

AT  RISK:  ground  water  contamination;  private  site  remediation 

TECHNOLOGY  USED:  in-situ  bioremediation,  soil  vapour  extraction,  air  injection 

BRIEF  DESC.  OF  TECHNOLOGY:  application  of  nutrients  to  surface  soils  through  infiltration 
gallery,  air  injection  and  soil  vapour  extraction  through  wells 

TREATMENT  RATE:    not  applicable 

BEFORE/AFTER  CONCENTRATIONS  (in  ground  water): 

Benzene  at  10  ppb  reduced  to  less  than  1  ppb  after  12  months 
Toluene  at  28  ppb  reduced  to  less  than  1  ppb  after  12  months 
Ethylbenzene  at  131  ppb  reduced  to  less  than  1  ppb  after  12  months 
Xylene  at  487  ppb  reduced  to  less  than  1  ppb  after  12  months 
TPH  greater  than  1000  ppb  reduced  to  less  than  0.4  ppb  after  12  months 
Naphthalene  greater  than  150  ppb  reduced  to  less  than  10  ppb 
Phenanthrene  greater  than  150  ppb  reduced  to  less  than  50  ppb 

DURATION  OF  REMEDIATION:    22  months 

APPROX.  COST:  $US250.00Q 

COMMENTS:  one  of  the  earliest  in-situ  bioremediation  projects  in  the  State  of  New  York;  client  is  a 
municipality  (local  town  power  plant)  in  Long  Island;  soil  sampling  in  not  required  in  New  York 
State  as  long  as  ground  water  is  sampled  and  analyzed  for  contaminants;  this  assumes  that  if  the 
contaminants  are  not  found  in  ground  water,  the  source  of  contaminants  in  the  unsaturate  soil  have 
been  cleaned  up;  SOURCE  OF  INFORMATION:  Antony  Ying,  TreaTek-CRA  Company  in  Niagara 
Fall,  NY 
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CASE  STUDY  #34 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  USA 


LOCATION  OF  SITE:  Niagara  Falls,  New  York 

NAME  OF  COMPANY:  TreaTek-CRA  Company  for  US  Air  Force 

MEDIUM  CONTAMINATED:  unsaturated  soil 

MAIN  CONTAMINANTS:  gasoline  and  jet  fuel 

AT  RISK:  ground  water  contamination;  private  site  cleanup 

TECHNOLOGY  USED:  in-situ  bioremediation  and  air  injection 

BRIEF  DESC.  OF  TECHNOLOGY:  application  of  nutrients  and  microorganisms  through  infiltration 
gallery  into  unsaturated  soil;  air  injection  through  well  points 

TREATMENT  RATE:   not  applicable 

BEFORE/AFTER  CONCENTRATIONS:  (TCLP*  results  in  ppb) 

Benzene  up  to  440  ppb  reduced  to  less  than  0.2  ppb 
Ethyl  benzene  up  to  65  ppb  reduced  to  less  than  0.2  ppb 
Toluene  up  to  75  ppb  reduced  to  less  than  0.2  ppb 
Xylene  up  to  830  ppb  reduced  to  less  than  0.2  ppb 
Napthalene  up  to  66  ppb  reduced  to  less  than  0.6  ppb 

DURATION  OF  REMEDIATION:    8  months 

APPROX.  COST:  $US280,000 

COMMENTS:    *  TCLP  tests  represent  leachate  tests  on  soil;  direct  soil  ananlyses  not  necessary; 
SOURCE  OF  INFORMATION:  Antony  Ying,  TreaTek-CRA  Company  in  Niagara  Falls,  New  York 
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CASE  STUDY  #  35 

SITE  REMEDIATION  TECHNOLOGY  APPLICATION  IN  MANITOBA 


LOCATION  OF  SITE:   The  Pas,  Manitoba 

NAME  OF  COMPANY:    Groundwater  Technology  Canada  Ltd.  and  Manitoba  Hazardous 
Waste  Management  Corp. 

MEDIUM  CONTAMINATED:    soil 

MAIN  CONTAMINANTS:  bunker  C  (heavy  end  hydrocarbons,  oil,  grease) 

AT  RISK:    NA;  private  site  remediation  leading  to  land  transfer 

TECHNOLOGY  USED:  ex-situ  bioremediation  (fungal  treatment  in  engineered  biocell) 

BRIEF  DESC.  OF  TECHNOLOGY:    vapour  extraction  enhanced  biological  treatment  cells 
with  nutrient  and  water  addition  capabilities;  separate  fungal  cell  augmented  with  white  rot 
fungus  and  progress  monitored  using  (fungal)  gene  probe  technology 

TREATMENT  RATE:     treatment  expected  within  18  months  of  startup  in  fall  of  1995 

BEFORE/AFTER  CONCENTRATIONS:  10  -  15,000  ppm  mineral  oil  and  grease  treated  to 
closure  criteria  of  less  than  800  ppm 

DURATION  OF  REMEDIATION:    1  8  months 

APPROX.  COST:  approximately  $60/tonne 

COMMENTS:    approximately  10,000  tonnes  of  contaminated  sandy,  silty,  clayey  fill 
material;  SOURCE  OF  INFORMATION:  Paul  Wilson  of  Groundwater  Technology  Canada 
Ltd.  in  Mississauga,  Ontario 
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APPENDIX  C:  NCSRP  CASE  STUDIES  OF  EMERGING  TECHNOLOGIES 


NOTE:  some  NCSRP  projects  are  on-going  as  of  September  1995  and  the  project  summary 
sheets  are  current  as  of  this  date 
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DARAMEND™  BIOREMEDIATION  OF  SOILS  CONTAINING  CHLOROPHENOLS  AND  POLYNUCLEAR 
AROMATIC  HYDROCARBONS  (FULL-SCALE  DEMONSTRATION) 

Grace  Dearborn  Inc.,  Mississauga,  Ontario 
-Project  Sununary- 


May  1995  (Final  Update) 

INTRODUCTION 

In  1989,  the  Canadism  Council  of  Ministers  of  the  Environment 
(CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  throu^ 
federal-piDvincial-teiritorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  was  estabhshed  to  address  the  NCSRP 
objective  of  working  with  Industry  to  stimulate  the  development  and 
demonstration  of  new  and  innovative  technologies  having  the 
potential  to  resolve  problems  wfaidi  are  critical  to  the  environmental 
remediation  of  contaminated  sites. 

TECHNOLOGY  DESCRIPTTON 

The  Daramend™  Bioremediation  Technology  was  developed  by 
Grace  Dearborn  Inc.  in  coordination  with  Environment  Canada. 
This  technology,  which  involves  the  use  of  soUd  phase  organic 
amendments  of  specific  particle  size,  nutrient  profile,  and  nutrient 
release  kinetics,  was  used  to  treat  soils  containing  chlorophenols 
(CPs),  particularly  pentachlorophenol  (PCP),  and  polynuclear 
aromatic  hydrocarbons  (PAHs). 

Two  other  Technical  Summary  sheets  are  available,  within  the 
DESRT  series,  which  describe  the  pilot-scale  phases  of  the  work 
(dated  Deconber  1993  &  June  1994). 

DESRT  SUPPORTED  TECHNOLOGY 

Previous  pflot-scale  demonstraticHis,  completed  in  June  1 994,  of  this 
technology  were  st^iported  in  part  by  the  DESRT  program 
($746,650).  Funding  for  the  fiill-scale  demonstration  of  this 
technology  was  provided  by  the  Metro  Toronto  Regjon 
Conservation  Authority  (MTRCA)  as  well  as  the  Ontario  Mmistiy 
of  Environment  and  Energy  (MOEE)  and  Environment  Canada 
under  the  joint  federal  and  provincial  DESRT  fimding  program. 
The  total  cost  for  the  project  was  $741,000  and  the  DESRT 
contribution  was  $370,500. 

SITE  HISTORY 

The  indnstrial  site  chosen  for  the  fiill-scale  demonstration  of  the 
Daramend"*  technology  was  a  wood  preserving  site  v^ch  is 
currently  nsed  only  for  the  storage  of  treated  wood.   Previously, 


treatment  of  wood  poles  at  the  site  utilized  both  creosote  and  PCP 
as  preservatives.  Further  details  on  the  site  can  be  foxmd  on 
Technical  Summary  Sheets  detailing  the  pilot-scale  work. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

This  demonstration  was  conducted  fimn  the  summer  of  1 993  to  the 
summer  of  1 994.  Field  woik  involved  the  full  scale  demonstration 
of  the  technology,  in  both  in-situ  and  ex-situ  conditions.  A 
laboratory  bench-scale  in-parallel  nuCTocosm  study  was  set  up  to 
verify  the  results  of  the  ex-situ  field  woik. 

In-»itu  demonrtration 

The  in-situ  demonstration  was  designed  to  treat  an  area  of  the  site 
cpproximately4,800m^insizetoadq)thof0.6m.  This  constituted 
approximately  3,500  toimes  of  soil  The  4,800  m^was  divided  into 
49  separate  sampling  areas  of  ^proximately  1 00  m*  each. 

Daramend  product  D6380  was  applied  to  the  soil  at  a  rate 
determined  by  the  pre-treatment  target  compound  concentrations 
and  the  physical  and  chemical  properties  of  the  soil  Results  from 
both  bench-scale  and  pilot-scale  work  at  the  site  were  evaluated  in 
^selection  of  the  amendment  The  required  mass  of  product  was 
placed  cm  the  soil  surface  and  incorporated  to  a  depth  of  0.6  m  with 
a  specialized  tractor-mounted  rotaiy  tiller. 

The  in-situ  demonstration  area  was  tilled  twice  monthly  to  ensure 
continued  uniformity  of  treatment  with  depth  and  to  aerate  the  soil 
matrix.  No  tillage  was  performed  in  January,  February  OT  March  of 
1 994.  Irrigation  was  not  required  because  adequate  precq)itation 
maintained  an  accqitable  soil  moisture  conieaL 

Ex-»ita  demonrtration 

During  the  ex-sita  demonstration,  approximately  1,500  tonnes  of 
excavated  soil  was  treated  using  Darameod  bioremediation  in  two 
fiilfy  contained  treatment  cells.  Eadi  treatment  cell  was  designed  to 
accommodate  tpproximately  750  tonnes  of  soil  and  was  composed 
of  a  hi^  density  polyethylene  (HDPE)  liner  over  a  layer  of  woven 
geotextile,  underlain  by  clay  and  surrounded  by  a  day  beim.  The 
HDPE  liner  covered  both  the  base  of  each  trcatmcol  cell  and  the 
walls  of  the  clay  berms.  A  15  cmlayer  of  sandsq)aratedthesoil 
fi-om  the  HDPE  liner  in  each  treatment  cell  Both  treatmeat  cells 
were  covered  with  steel^lyethjIeDc  greenhouses  to  permit 
continuation  of  treatment  throu^  the  winter  ninnth<:  Size 
limitations  necessitated  the  constiuctian  of  two  treatment  cells. 


Daramend products  D6380  and  D6399  were  applied  to  the  soils  at 
rates  determined  by  the  pre-treatment  target  compound 
concentrations  and  by  a  process  optimization  bench-scale  parallel 
microcosm  stucfy.  Results  from  previous  bench-scale  optimization 
studies  and  pilot-scale  work  were  also  evaluated  for  selection  of 
amendments.         / 

Soil  in  the  ex-situ  treatment  cells  was  tilled  once  a  week  to  ensure 
continued  uniformity  of  treatment  with  depth  and  to  aerate  the  soil 
matrix.  No  tillage  was  performed  in  February  or  March  of  1 994 
when  soils  in  the  treatment  cells  were  frozea  Irrigation  was 
performed,  with  detailed  monitoring  to  ensure  an  acceptable  soil 
moisture  content  was  maintained. 

A  portion  of  the  ex-situ  Treatment  Cell  2  demonstration  was 
monitared  by  the  US  EPA  under  the  SITE  demonstration  program. 

DEMONSTRATION  RESULTS 

The  mfluence  of  Daramend  bioremediation  on  the  CP  and  PAH 
concentrations  in  both  the  in-situ  and  ex-situ  demonstration  area 
soils  was  monitored  through  successive  sampling  events.  The  in- 
situ  demonstration  area  was  divided  into  49  samphng  areas  ^^lile 
the  ex-situ  Treatment  Cells  1  and  2  were  divided  into  13  and  10 
sampling  areas,  respectively.  These  sampling  areas  were 
subsequently  subdivided  into  1  m  x  1  m  pedons.  At  each  samphng 
period,  several  randomly  selected  pedons  per  sampling  area  were 
chosen  and  these  soils  were  homogenized  in  order  to  give  one 
sample  per  area  All.  analyses  were  done  by  an  independent  lab,  the 
Wastewater  Technology  Centre 

Initially,  in  the  in-situ  demonstration  area,  there  were  17  (of  49) 
zones  wiiich  were  above  CCME  criteria  of  5  mg  CP/kg  and  10  (of 
49)  which  exceeded  the  PAH  criteria  levels. 

For  Treatment  Cell  1,  the  initial  average  total  chlorophenol 
concentration  was  1 57  mg/kg  and  the  initial  average  total  PAH 
concentration  was  439  mg/kg.  Treatment  Cell  2  had  an  average 
initial  total  PAH  concentration  of  6 1 9  mg/kg  and  1 02  mg  CP/kg  of 
soil 

An  in-parallel  microcosm  stud^  was  set-up  using  treated  soil  from 
the  ex-situ  demonstratioa 


After  monitoring  the  biodegradation  of  the  I4-C- 
pentachlorophenol,  it  was  determined  that  an  additional  apphcation 
of  D6399  would  increase  the  rate  of  degradation  of  the 
pentachlorophenol. 

Table  1  provides  a  brief  summary  of  the  results.  In  general,  the 
field-scale  results  were  similar  to,  or  exceeded,  the  results  achieved 
during  the  previously  conducted  bench-scale  and  pilot-scale  work. 
Treated  soil  concentrations  ranged  from  5.7  to  1 57  mgCP/kg  and 
polynuclear  aromatic  hydrocarbons  concentrations  ranged  from  69 
to  622  mg/kg 

CONCLUSIONS 

The  results  of  the  in-situ  and  ex-situ  demonstrations  indicate  that 
Daramend  bioremediation  is  an  effective  remediation  method  for 
soils  containing  chlorophenols  and  polynuclear  aromatic 
bydrocarbons.  The  chlorinated  phenol  and  PAH  concentrations  can 
be  reduced  to  below  CCME  criteria  for  industrial  soils  (5  mg  CP/kg 
and  10-50  mg  individual  PAH/kg). 


Umits 

cannot  retnediate  metals 
long  treatment  time  (months) 
require  bench-scale  optimization 


Potential 

mobile  technology 

low  set-up  cost 

cost-cfTcctiye 

no  additional  waste  generated 

non-intrusive 

STATUS 


A  fmal  report  on  the  demonstration  portion  of  the  project  is 
available.  Woric  will  continue  at  the  Ml-scale  level  in  1 995. 


Project  Summary  prepared  by  Grace  Dearborn  Inc.  for 

Technology  Development  Directorate, 

In  cooperation  with: 

Ontario  Ministiy  of  Environment  and  Energy 

For  Further  Information  Contact 

Lisa  Keller,  Environment  Canada  (819)  953-0962 

D.Vallery,  MOEE  (416)  323-4476 

Alan  Seech,  Grace  Dearborn  (905)  279-2222 


Table  1:  Summary  of  Results  from  in-situ  and  ei-sitn  full-scale  demonstration  of  Daramend"*  bioremediation 


^  Parameter 
{mgrtcg) 

ODays 

118  Days 

305  Days 

Parameter 
(mg/kg) 

ODays 

282  Days 

.s,r>-.>^lii->itU  '- 

U  of  Areas  out  of  49  above  CCME 

Treatment  CeHl 

■^  ,■  --   . 

CP 

17 

2 

0 

CP 

156.8 

13.6 

PAH 

10 

5 

3 

PAH 

439 

144.2 

In-situ 

Range  of  Concentrations  in  areas 
above  CCME 

Treatment  Cell  2 

ODajTi 

175  Days 

CP 

5.7-27.8 

5.5-6.9 

alKCCME 

CP 

102,1 

1.63 

PAH 

69-622 

102-176 

113-139 

PAH 

619 

79.1 
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^  These  results  have  led  NER  to  conclude  that  its 
I  mobile  ex-situ  bioremediation  technology: 


can  remediate  soils  contaminated  with  a  range 

of  hydrocarbon  compounds  to  MOEE 

parkland/re$idential  standards 

can  successfully  treat  soils  with  hydraulic 

conductivities  as  low  as  2.0x10"^  cm/sec,  and 

clay  contents  as  high  as  24%  clay 

can  provide  a  cost-effective  option  for  the 

on-site  treatment  of  contaminated  soil 


STATUS 

I  Site  operations  have  temporarily  shut  down  for  the 
winter.  NER  anticipates  starting  site  operations  in 
April,  1995  and  completing  the  project  by  September 

I  1995.  ^ 


This  Technical  Summary  Sheet  was  prepared  by  NER 
and  is  based  on  a  report  entitled  Using  Process 
Engineering  to  Increase  the  Effectiveness  of  the 
Natural  Environment  Recovery  Mobile  Ex  Situ  Biox 
Reactor  Technology.  The  report  is  in  its  final  stages 
of  revision  and  \m\\  be  submitted  to  the  MOEE  and 
Environment  Canada  in  March  1995. 

FOR  MORE  INFORMATION.  PLEASE  CONTACT: 

Lisa  Keller,  Technology  Development  Directorate, 
Environment  Canada,  (819)  953-0962 

Doug  Vallery,  Ontario  Ministry  of  Environment  and 
Energy,  (416)  323-4476 


Figure  1  -  Bioi  Reactor 


Table  1  -  Treatment  Results  Using  Spray/Percolation  System 


1 

Batch  1 

Batch  2 

Batch} 

MOEE 
Guidelines 

Non-Porous 

Porous 

Miied 

Initial 

14  Days 

Initial 

14  Days 

Initial 

30  Days 

Compound 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

TPH 

100 

2245 

n/r 

4S,qo 

<40 

682 

72 

BTEX-s 

Benzene 

0.05 

<0.02 

n/r 

<0.02 

<0.02 

<0  02 

<0.02 

Toluene 

1 

<0.02 

n/r 

<0.02 

<0.02 

0.39 

003 

Elhylbenzene 

0.5 

870 

n/r 

5.17 

0.08 

0.32 

0.02 

Xylenes 

1 

56  69 

n/r 

854 

0.43 

1.42 

0.37 

Notes:  n/r  =  no  reduction 

Only  initial  PAKs  (or  Balc^  2  were  in  excess  of  MOEE  guidelines.  These  were 

treated  to  within  MOEE  guidelines  in  the  14  day  penod. 

Guidelines  are  for  Residential/Partdand  use  wtiere  groundwater  is  non-potable. 


Table  2  •  Treatment  ResulU  Using  Probe  Injection  System 


Avg.  of  3  analyses 
of  stockpile 

Batch  1 

Batch  2 

Batch  3 

MOEE 

After 

Alter 

After 

Guidelines 

(24%  cUy) 

4  Days 

7  Days 

10  Days 

Compound 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

TPH 

100 

506 

55 

83 

90 

BTEX-s 

Benzene 

0.05 

<0.02 

<0.02 

<0.02 

<0.02 

Toluene 

1 

O.02 

<0.02 

<0.02 

O.02 

Ethylbenzene 

0.5 

Z14 

0.14 

0.16 

0.05 

Xylenes 

1 

055 

0.55 

0.73 

0.22 

Notes:  PAKs  were  not  detectable  in  any  of  these  samples. 

Guidelines  are  for  Residential/ParWand  use  wt>ere  groundwater  is  non-potable. 
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Figure  2  -  Injection  Probe 


connected  to  pump 


A 


microbial  suspension  emerges  as  a  high 
pressure  jei  from  each  of  (he  probe's  orifices 
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^  .^ 

i  INTROPUCnON  ^ 

I  In  1989,  the  Canadian  Council  of  Ministers  of  the  EnvinHiment 
(CCME)  established  the  National  Contaminated  Sites 
Remediation  Program  (NCSRP),  which  is  supported  and 
administered  through  federal-provincial-territorial  bikteral 
I  agreements. 

The    DESRT    (Development    and    Demonstration    of   Site 

t  Remediation  Technology)  program  was  established  to  address  the 
NCSRP  objective  of  woridng  with  Industry  to  stimulate  the 
development  and  demonstration  of  new  and  innovative 
technologies  having  the  potential  to  resolve  problems  wtoch  are 
critical  to  the  environmental  remediation  of  contaminated  sites. 

PESRT  SUPPORTED  TECHNOLOGY 

f 

I  This  study  examined  the  feasibihty  of  using  the  Daramend™ 

Bioremediation  Technology ,  developed  by  Grace  Dearborn,  for 

treating  contaminated  soil  from  the  Pacific  Place  site  in 

;    Vancouver,  B.C.  (former  site  of  EXPO  '86).     The  novel 

'   sequential  anaerobic/aerobic  treatment  was  used  to  treat  soil 

contaminated  with  coal  tar  \^di  contained  dense  noo-aqeous 

phase  hquids  (DNAPL),  pofycyclic  aromatic  hydrocarbons 

(PAHs)  and  other  petroleum  hydrocarbons  (TPHs).  Also,  soil 

san^les  generated  from  the  site  were  analyzed  by  ASL  Lt±  as 

part  of  its  joint  work  on  the  evaluation  and  demonstratioa  of  six 

(6)  near-real-time-mQaitadng(NRTM)  techniques.  Details  csi  the 

ASL  Ltd.  NRTM  work  can  be  foimd  in  a  separate  DESRT 

Technical  Simmiary  Sheet  (dated  May  1 995). 

This  denKmstration  was  supported  by  the  Enviroimieat  Canada 
and  the  British  Columbia  Ministry  of  the  Enviromnent  under  the 
DESRT  program  The  total  DESRT  contribution  was  $765,000. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

Appmsamsieiy  100  m'  of  excavated  soil,  contaminated  widi  PAHs 
and  petroleum  hydrocarbons  from  a  manufactured  gas  plant 
(MGP),  was  placed  in  an  engmeered  treatment  cell  Fidd  work 
was  conducted  fixsn  November  1 993  to  July  1 994  and  involved 
a  pilot-scale  demonstration  as  well  as  a  bench-scale  in-parallel 
microcosm  study,  to  verify  field  results. 


The  5.5  m  X  35  m  cell  was  designed  with  a  low  permeabihty  base 
and  benns  to  fully  contain  the  treatment  area  should  any  leachate 
be  generated  during  treatment  A  compacted  clay  treatment  pad 
was  constructed  on  top  of  the  existing  asphalt  surface.  A  high 
density  polyetltylene  (HDPE)  liner  was  placed  inside  the  clay 
berm  providing  a  second  level  of  contaiimient  for  the 
COTitaminated  soiL  A  sequence  of  geotextile  layers  and  sand  were 
placed  on  top  of  the  liner  to  act  as  a  buffer  to  protect  the  HDPE 
liner  from  mechanical  damage  which  might  occur  during  tillage 
activities.  The  contaminated  soil  was  then  placed  on  top  of  the 
geotextile  to  a  depth  of  0.6m. 

To  ensure  that  the  initial  concentration  of  total  PAHs  in  the  test 
soil  were  within  the  targeted  concentration  range,  a  preliminary 
field  screening  was  conducted  by  ASL  using  an  unmunoassay  field 
test  kit 

An  aluminum  fi-amed,  polyethylene-covered  greenhouse  was 
constructed  over  the  treatment  cell  to  permit  treatment  over  the 
winter  mcsiths.  The  greenhouse  provided  a  means  to  control  soil 
moisture  content,  moderate  temperature  effects,  reduce  potential 
odour  and  dust  emissions  and  provide  a  secure,  limited  access 
area  fer  the  demonstration. 

A  Daramend  organic  soil  amendment  of  specific  particle  size, 
nutrient  profile  md  nutrient  status,  was  q>plied  to  the  soils  at  a 
rate  determined  by  the  pre-treatnient  target  compound 
concentratians  and  by  a  process  optimization  bench-scale 
microcosm  stuify.  The  required  mass  of  product  was  placed  on 
the  soil  surface  and  incorporated  to  a  dspii  of  0.6  m  with  a 
specialized  tractor-mounted  rotary  tiller. 

Sdl  in  file  ex-situ  treatment  cells  was  tilled  once  every  two  weeks 
to  eosore  continued  uniformity  of  treatment  with  depth  and  to 
aerate  the  sofl  matrix.  Irrigation  was  performed,  with  detailed 
momtoring  to  ensure  an  acceptable  soil  moisture  content  was 
maintained. 

Two  bench  scale  in-parallel  treatability  studies  were  setup  using 
field  treated  soiL  Tbe  first  study  involved  piking  the  soil  with 
"C-bcnzo(a)pyrene  and  incubating  it  at  ZS'C.  Benzo(a)pyraie 
was  selected  as  iiqjresentative  of  (be  more  recalcitrant,  hi^er 
nukcdar  mass  PAHs  found  in  the  Pacific  Place  soil  Soilforthe 


second  treatability  study  was  spiked  with  "C-phenanthrene, 
representing  the  lower  molecular  mass  PAHs.  As  well  as 
veriiying  field  results,  the  treatability  studies  were  used  to 
examine  the  effects  of  adding  additional  Daramend  product 
(combined  with  inorganic  nutrients)  to  the  contaminated  soil 
versus  the  addition  of  a  different  Daramend  product 

DEMONSTRATION  RESULTS 

As  shown  in  Tablel,  the  ex-situ  demonstration  area  was 
mmitoredforpolycychc  aromatic  hydrocarbons  (PAHs)  and  total 
petroleum  hydrocarbons  (TPHs).  Initially,  the  average  PAH 
concentration  was  659  mg/kg.  After  227  days  of  active  Daramend 
treatment,  a  75%  reduction  in  PAHs  was  observed.  It  is 
significant  to  note  that  the  total  PAH  concentration  was  reduced 
to  below  the  200  mg/kg^  criteria,  by  the  end  of  the  active 
treatment  program.  The  predominant  species  after  227  days  of 
active  Daramend  treatment  were  some  of  the  more  recalcitrant, 
fai^iermolecularmas^^jecies  with  4-6  fused  benzene  rings.  The 
concentrations  of  benzo(a)pyrene  and  benzo(b)fluoranthene  for 
example  were  reduced  from  47  to  1 9  mg/kg  and  39  to  16  mg/kg 
respectively  during  the  227  days  of  active  treatment  The  Level 
C  cleanly  criteria  for  each  of  these  compounds  is  10  mg/kg.' 

The  treatment  plot  was  decommissioned  on  July  3,  1994  to 
accommodate  other  previously  scheduled  site  activities.  As  a 
result  it  was  necessary  to  stockpile  the  amended  soil  at  another 
location  and  to  end  the  active  maintenance  program.  The 
stockpile  was  sanyiled  in  September  1994  to  determine  the 
residual  concentration  of  PAHs  after  68  days  of  "passive" 
treatment  At  that  time  the  concentration  of  total  PAHs  was  1 06 
mg/kg.  The  data  also  indicate  that  even  the  more  recalcitrant 
PAHs  continued  to  be  degraded  after  completion  of  the 
demonstration  program. 

The  initial  average  total  TPH  concentration  was  4416  mg/kg. 
After  295  days  of  treatment  an  89%  reduction  was  observed 
In  the  bench-scale  Treatabihty  1  study ,  the  field  treated  soil 


showed  a  mineralization  of  1 1  %  of  the  added  '*C-benzo(a)pyrene 
and  a  volatilization  of  only  0.6%.  There  was  no  added  benefit  to 
either  higher  rates  of  amendment  apphcation  or  to  supplementing 
the  levels  of  soil  macronulrients.  Again  in  Treatability  2,  the  field 
soil  showed  the  highest  mineralization  of  '^C-phenanthrene. 

CONCLUSIONS 

The  results  of  the  ex-situ  demonstration  indicated  that  Daramend 
bioremediation  is  an  effective  method  of  treating  MGP  soils 
contaminated  with  PAHs  and  petroleum  hydrocarbons. 
Concentrations  of  contaminants  were  reduced  significantly, 
including  the  more  recalcitrant,  hi^-molecular  weight  PAHs.  It 
should  be  noted  that  the  selection  and  apphcation  of  Daramend 
products  are  dep>endent  upon  the  nature  and  concentration  of 
target  compounds  in  soil  as  well  as  other  soil  physical  and 
chemical  properties. 

STATUS 

A  final  sampling  of  the  stoclqpiled  soil  will  be  performed  to 
confimi  that  all  cooipounds  have  been  reduced  to  below  the  Level 
C  cleanup  criteria  set  for  managing  contaminated  sites  in  British 
Columbia. 

A  final  report  was  submitted  in  May  of  1995  and  is  ctirrently 
under  review. 
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Table  1.  Ipflnence  of  Daramend  Bioremediation  on  Concentration  of  PAH  over  Time 


Parameter  (m^fk^  ' 

Numher  of  Dftvs  ofTrefltTnenl 

Criteria    : 
(mg/kg) 

0 

19 

70 

139 

187 

197 

218 

227 

295 

Benzo(a)pyrene 

47 

34.8 

39.2 

29.3 

26 

24 

21 

19 

12 

ID") 

Benzo(b)fluoranthene 

39 

26.5 

31.5 

23.6 

24 

21 

16.2 

15.7 

10 

10« 

Total  PAH 

659 

395 

366 

268 

230 

210 

173- 

167 

106 

200^) 

TPH 

4416 

478 

2000<« 

(1)  Level  C  Criteria  B.C.(Industrial  Land  Use)  -  (2)  Criteria  for  Managing  Contaminated  Sites  in  B.C.  (B.C.  MOE,  1989) 
(3)  Memorandum  entitled  Measuring  Petroleum  Hydrocaibons  Contained  in  Soil  and  Water  (B.C.  MOE,  1991) 
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APPLICATION  OF  A  MOBILE  EX-SITU  BIOREACTOR  TECHNOLOGY  TO  THE  REMEDIATION  OF 

HYDROCARBON  CONTAMINATED  SOIL 
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-PROJECT  SUMMARY- 


[  March  1995  >A 

I  ^ 

INTRODUCTION 

I  In  1989,  the  Canadian  Coundl  of  Ministers  of  the 
Environment  (COME)  established  the  National 
Contaminated  Sites  Remediation  Program  (NCSRP), 
which  is  supported  and  administered  through  federal- 
provincial-territorial  bilateral  agreements. 

f  The  DESRT  (Development  and  Demonstration  of  Site 

I  Remediation  Technology)  program  was  established  to 

address  the  NCSRP  objective  of  worthing  with  Industry 

I  to  stimulate  the  development  and  demonstration  of 

I  new  and  innovative  technologies  having  the  potential 

to    resolve    problems    which    are    critical   to   the 

environmental  remediation  of  contaminated  sites. 

'  An  innovative  technology  selected  for  participation  in 
the  program  was  an  ex-situ  bioremediation  process 
developed  by  Natural  Environment  Recovery  (NER) 
Inc. 

DESRT  SUPPORTED  TECHNOLOGY 

Partial  funding  for  this  project  was  provided  by 
Environment  Canada  and  the  Ontario  Ministry  of  the 
Environment  and  Energy  (MGEE)  under  the  joint 
federal  and  provincial  DESRT  program.  DESRT 
contributed  $460,000  of  the  total  $1,340,000 
estimated  cost  for  this  project. 

TECHNOLOGY  APPUCATION 

Bioremediation  involves  the  use  of  micro-organisms 
and  their  metabolic  processes  to  transform 
contaminants  into  less  harmful  substances  such  as 
carbon  dioxide  and  water.  With  the  support  of  the 
DESRT  program,  NER  developed  a  mobile  ex-situ 
bioremediation  technology.  The  developed 
technology  incorporates  NER's  proprietary  aerobic 
bioremediation  methods  into  transportable  "Biox" 


reactors.  These  reactors  contain  excavated  soil 
during  treatment  and  are  equipped  with  distribution 
systems  that  transport  nutrients,  aerobic  microbes 
and  Fiton™,  NER's  proprietary  biostimulant.  Biox  ■ 
reactors  are  also  designed  to  recover  and  recycle 
these  bioremediation  process  ingredients. 

As  part  of  the  DESRT  program,  NER  applied  its  ex- 
situ  bioremediation  technology  to  the  remediation  of 
some  7000  m^  of  contaminated  soil.  NER's 
mandate  was  to  employ  its  Biox  reactors  to 
remediate  the  soil  and  to  upgrade  the  soil 
characteristics  to  MGEE  parkland/residential 
standards. 

SITE  HISTORY 

The  site  chosen  for  this  demonstration  is  located  in 
the  Don  River  Valley,  and  is  part  of  the^orough  of 
East  Yori^  Toronto.  It  comprises  roughly  12 
hectares  and  is  near  a  major  expressway,  a  bicycle 
path  and  a  residential  area. 

Polyresins  and  Domtar,  the  former  occupants,  once 
operated  their  respective  paint  processing  and 
paper  manufacturing  facilities  at  the  site. 
Characterization  studies  were  carried  out  between 
1989  and  1991  by  three  independent  consulting 
firms.  They  reported  that  the  soil  was  contaminated 
with  volatile  organic  compounds  (VOC's)  including 
ethylbenzene,  xylene  and  styrene,  and  polynudear 
aromatic  hydrocarbon  (PAH)  compounds  including 
naphthalenes  and  methylnaphthalenes.  NER  also 
sent  out  samples  of  excavated  soil  to  an 
independent  laboratory  for  analysis.  The  results 
showed  total  petroleum  hydrocarbon  (TPH), 
ethylbenzene  and  xylene  levels  to  be  greater  than 
the  limits  set  by  the  MGEE  pari^land/  residential 
usage.  NER  also  found  excessive  PAH  levels,  but 
only  in  discrete  areas. 


PROJECT  DEMONSTRATION  SUMMARY 

For  this  project  NER  employed  eight  (8)  Biox  reactors. 
Each  Biox  reactor  was  run  as  an  independent  unit 
with  a  capajcity  to  treat  60  m^  of  soil.  Operating  at  full 
capacity,  the  eight  reactors  can  treat  480  m^  of  soil 
per  batcii. 

Figure  1  illustrates  the  general  design  of  the  Biox 
reactor  which  includes  a  spray/percolation  system.  In 
order  to  deliver  the  microbial  suspension  to  the  soil, 
each  reactor  can  use  either  the  spray/percolation 
system  shown  or  a  probe  injection  system,  both 
tested  by  NER. 

Spray/Percolation  System:  NER  designed  the 
spray/percolatipn  system  to  treat  coarse-grained  soils. 
The  system  "insists  of  overhead  spray  nozzles 
mounted  along  the  sides  and  front  of  the  reactor 
which  distribute  the  suspension  of  microbes,  nutrients 
and  Fiton™  to  the  top  surface  of  the  soil.  Under 
gravity,  the  suspension  percolates  through  the  soil 
depth  and  drains  into  a  sump.  A  pump  transfers  the 
liquids  from  the  sump  to  a  holding  tank,  thereby 
recycling  it  into  the  process  stream.  As  it  percolates 
through  the  soil,  the  microbial  suspension  contacts 
the  contaminants  and  the  breakdown  of  these 
compounds  begins. 

NER  excavated  soils  from  three  different  locations  at 
the  site  and  began  the  project  by  testing  the  spray 
distribution  system.   Using  this  system,  NER  treated 
three  separate  batches  (24  reactor  loads. 
One  batch  (360  m^)  failed  to  meet  MOEE  guidelines 
and  treatment  times  for  several  of  the  batches  also 
did  not  consistently  meet  NER's  goal  of  achieving  a 
seven-day  remediation  time. 

NER  suspected  that  the  low  hydraulic  conductivities 
of  the  soils  found  at  the  site  was  the  primary  reason 
for  the  inconsistent  treatment  results.  NER 
conducted  soil  studies  and  found  that  the  site 
contained  mostly  fine-grained  clay  and  silty  soils 
with  hydraulic  conductivities  between  2.0x10'® 
cm/sec  and  1.5x10"^  cm/sec.  Under  gravity  alone, 
the  flow  of  the  microbial  suspension  was  slow.  This 
in  turn  prevented  the  bioremediation  process  from 
being  effective.    NER  then  proceeded  to  treat  soils 
using  the  probe  injection  system. 

Probe  Injection  Svstem:  NER  designed  the  probe 
injection  system  for  fine-grained  soils  that  have  low 
hydraulic  conductivities.  The  system  employs  eight 
(8)  pairs  of  probes  per  reactor  (16  prcibes  per  reactor). 
Figure  2  illustrates  the  design  of  these  probes.  Each 
pair  is  inserted  through  the  top  surface  of  the  soil,  at 
equally  spaced  locations  in  the  reactor.  A  pump 
forces  the  microbial  suspension  through  the  probe 
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orifices  and  into  various  levels  beneath  the  soil 
surface.  The  resulting  kinetic  energy  of  the  fluid 
breaks  up  the  clumps  of  packed  soil  and  enables  the 
microbial  suspension  to  contact  the  contaminants.  In 
addition,  the  simultaneous  mixing  of  microbes,  Fiton™ 
nutrients  and  contaminated  soil  provides  an  ideal 
environment  for  bioremediation. 

For  the  initial  tests  of  this  system,  NER  treated  soils 
with  a  clay  content  of  24%.  These  initial  tests  were 
successful,  and  NER  treated  a  total  of  585  m^  of  soil 
with  this  system. 

NER  sent  all  soil  samples  to  a  certified  third  party 
laboratory  who  analyzed  samples  forTPH,  BTEX  and 
PAH  compounds.  NER  technicians  prepared  these 
samples  by  using  a  soil  probe  to  take  samples  from 
eight  random  locations  in  the  reactor.  These  were 
combined  and  mixed  to  form  a  composite  sample  for 
each  reactor.  For  large  batches,  NER  combined  and 
mixed  the  composite  reactor  samples  from  up  to  four 
(4)  reactors  to  create  a  composite  batch  sample. 

TECHNOLOGY  DEMONSTRATION  RESULTS 

Table  1  shows  the  results  for  the  two  batches  treated 
to  pari<iand/residential  standards  using  the 
spray/percolation  system.  This  system  proved  to  be 
effective  on  porous  soils.  In  the  batch  (#1)  containing 
fine  grained  soils,  the  microbial  suspension  did  not 
reach  the  contamination  and  remediation  was  limited 
to  the  surface  layer  of  soil. 

Table  2  shows  the  results  for  three  batches  treated 
using  the  probe  injection  system.  This  system  is 
cleariy  more  suitable  for  the  clay/silt  soil  found  at  the 
site.  By  using  this  system,  NER  aims  to  consistently 
treat  soils  at  a  rate  of  one  (1)  batch  per  seven  days. 

NER  also  conducted  tests  of  ambient  air  quality  during 
excavation  and  treatment  operations.  The  total 
volatile  emissions  were  below  Point  of  Impingement 
Standards  set  forth  by  Regulation  308  under  the 
Environmental  Protection  Act.  Three  separate  tests 
using  Dragger  Tubes  to  evaluate  air  quality  within  the 
reactors,  registered  no  BTEX  compounds  above  the 
Method  Detection  Limit  of  10  ppm.  NER  limits  vapour 
emissions  by  covering  all  stockpiled  excavated  soil 
with  tarpaulins. 

Treatment  costs  using  NER's  ex-situ  bioremediation 
technology  are  between  $50  and  $60  per  tonne.  The 
total  cost  depends  on  the  volume  of  material  to  be 
treated,  the  concentration  and  type  of  organic 
contaminants  present  and  the  clean-up  levels  to  be 
achieved.  This  cost  excludes  the  cost  of  excavation, 
transportation  of  equipment,  and  lab  analyses. 


'•-■^~-i^^jgaB^=^!J¥^^-j'i^i^^gjg  --^'-  -H^v;>frtkr'  j^.w'-^.j--«-'t-'^»--yr^ 


\  jnemsm^i^mWMsman&t^  sites  Pemedlattcn  I^rcfiram 


Develcpment  and 
Demcnstraticn  of  Site 
Pemediatien  Technclccy 


REDUCTIVE  DECHLORINATION  AND  ENHANCED  BIOREMEDIATION  OF  HERBiaDE/PESTICIDE 

CONTAMINATED  SOILS  AND  SEDIMENTS 

Grace  Dearborn  Inc.,  Mississauga,  Ontario 

-Project  Summary- 
October  1995 


INTRODUCTION 

In  1 989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-territorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  was  estabUshed  to  address  the 
NCSRP  objective  of  working  with  Industry  to  stimulate  the 
development  and  demonstration  of  new  and  innovative 
technologies  having  the  potential  to  resolve  problems  which  are 
critical  to  the  environmental  remediation  of  contaminated  sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  biologically  mediated  process,  developed  by  Grace 
Dearborn,  Inc.  (Dearbom),  for  the  treatment  of  herbicide  and 
pesticide  contaminated  soil  and  sediment 

SITE  HISTORY 

Several  sites  within  North  America  were  selected  to  provide  soil 
for  use  in  the  technology  development  Specifically,  laboratory 
work  utilized  soil  fix)m  sites  located  in  South  Carolina,  Oregon, 
Alberta  and  Ontario  (2  sites).  These  sites  provided  a 
representative  spectrum  of  chlorinated  herbicides  and  pesticides 
including  DDT,  Toxaphene,  Metolachlor,  2,4-D  and  2,4,5-T.  In 
addition,  soils  fi^om  other  sites  were  used  for  some  technology 
screening  work. 

The  Uniroyal  Chemical  Inc.  (Uniroyal)  site,  located  in  Elmira, 
Ontario,  has  been  selected  for  the  large  scale  technology 
demonstratioa  In  December,  1993,  Uniroyal  excavated 
approximately  25,500  cubic  metres  of  waste  irom  two  buried  waste 
pits  and  placed  it  within  a  temporary  storage  facihty.  The  facihty 
includes  a  leachate  collection  and  treatment  system  and  an  air 
ventilation  and  treatment  system.  These  systems  are  supplemented 
with  an  ongoing  monitormg  program.  The  waste  is  comprised  of 
sludges  along  with  other  waste  including  drums  and  contaminated 
soil  from  other  di^x)sal  areas  on  the  profjerty.  The  waste  contains 
chlorinated  and  non-chlorinated  chemicals  including  2,4-D;  2,4,5- 
T;  penta  and  lesser  chlorinated  phenols;  the  DDT  family  and 
dioxins/furans.      Uniroyal  is  evaluating  alternatives  for  the 


permanent  disposition  of  the  waste.  The  evaluation  process 
includes  p^jer  reviews  and  technology  demonstrations  such  as  that 
being  conducted  under  this  program. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  is  supporting  a  two  phase  development  and 
demonstration  program  of  an  enhanced  bioremediation  technology 
to  reduce  the  concentrations  of  recalcitrant  chlorinated  organic 
compounds  in  sohd  matrices.  The  program  involves  a  literature 
review  and  detailed  laboratory  process  development  followed  by 
confirmation  of  process  efficacy  at  large  scale  with  a  complex 
waste.  The  DESRT  program  (federal  and  provincial)  has 
contributed  $663,000  to  the  $995,000  project 

TECHNOLOGY  DESCRIPTION 

The  reductive  dechlorination  technology  represents  a  modification 
of  the  DARAMEND'™  soil  bioremediation  technology,  for  which 
Dearbom  is  the  worldwide  licensee.  The  aerobic  bioremediation 
technology  utilizes  organic  (DARAMEND™  products)  and 
inorganic  (Le.  nutrients,  pH  modifiers)  amendments  to  optimize  the 
activity  of  microorganisms  indigenous  to  a  soil  or  waste  resulting 
in  natural  destruction  of  organic  contaminants.  No  microbial 
inoculation  is  required.  A  wide  range  of  wastes  and  contaminants 
have  been  demonstrated  to  be  amenable  to  remediation  using 
DARAMEND™.  Up  to  3,500  tonnes  (3,900  tons)  of  waste  have 
been  treated  in  a  given  batch.  As  well  as  reducing  chemical 
concentrations,  DARAMEND'™  significantly  reduces  waste 
toxicity  (i.e.  to  plants  and  earthworms). 

The  technology  modification  targets  organic  contaminants  such  as 
organochlorine  pesticides  that  often  degrade  slowly  under  aerobic 
conditions.  The  modified  technology  involves  the  imposition  of 
anoxic  and  oxic  conditions  to  sequentially  reductively  dechlorinate 
complex  chlorinated  organics  and  aerobically  degrade  the 
(partially)  dechlorinated  breakdown  products  including  volatile 
fatty  acids. 

Anoxic  conditions  are  created  throu^  addition  of  DARAMEND'™ 
amendments,  other  organic  amendments  and  inorganic 
amendments  (multivalent  metals)  and  water.  The  DARAMEND"™ 
ammdmfnts  stimulate  the  biological  dq)letion  of  oxygen  within  the 


soil  matrix  by  the  aerobic  and  facultative  microbial  populations. 
Cb^gen  renewal  is  limited  to  diffusion  as  a  result  of  the  soil  pores 
being  nearly  full  of  water.  The  multivalent  metal  allows  a  specific 
redox  level  (lc  -400  mV)  to  be  achieved  All  the  amendments  are 
naturally  occurring,  non-hazardous  materials. 

The  oxic  conditions  are  created  by  reducing  the  saturation  of  the 
soil.  This  may  be  accomplished  throu^  natural  evaporation, 
enhanced  by  tilling,  as  well  as  by  increasing  the  soil  water  holding 
capacity  through  addition  of  DARAMEND'™  amendments. 

At  large-scale  the  Dearborn  approach  to  bioremediation  is 
generally  applied  as  a  land  farming  process.  Contaminated  soil  and 
amendments  are  blended  using  a  rotary  tiller  with  an  effective 
penetration  of  0.6  m.  The  rotary  tiller  is  driven  by  an  agricultural 
tractor.  The  tilling  serves  to  homogenize  the  amended  soil  and  also 
to  aerate  the  soil  when  aerobic  conditions  are  targeted  Water 
content  is  one  critical  process  parameter  and  is  adjusted  using 
agricultural  irrigation  equipment  A  cover  (i.e.  tarpaulin  and/or  a 
greenhouse)  may  be  used  to  prevent  the  addition  of  water  from 
precipitation  events  and  to  minimize  evaporation  at  other  times. 
The  cover  negates  the  requirement  for  a  leachate  collection  system 
as  the  soil  or  waste  being  treated  is  maintained  below  saturatioa 
The  technology  has  been  applied  to  excavated  waste  on-site  and 
also  to  surficial  soil  (upper  0.6  m)  in-sita 

TECHNOLOGY  DEMONSTRA  TION  SUMMARY 

Laboratoiy  studies  were  conducted  using  soil  from  eight  locations 
across  North  America.  The  soils  represented  a  wide  range  of 
physical  and  chemical  properties.  Namely,  sand  and  total  organic 
carbon  content  ranged  from  3.6  to  98%  and  0.3  to  5.6% 
respectively.  The  studies  were  to  optimize  the  two  distinct  phases 
of  the  treatment  process  i.e.  the  anoxic  and  oxic  phases  and 
evaluate  the  fate  of  the  contaminant  being  studied  Studies  were 
carried  out  as  soil  microcosms  using  100  to  250  g  of  soil. 
Depending  on  the  experimental  objective  the  microcosms  were 
contained  in  250  mL  to  1 ,000  mL  glass  jars. 

The  objective  of  the  anoxic  studies  was  to  determine  the  most 
e&ctive  trealment  to  achieve  and  miiintHin  a  low  redox  state  in  the 
soil.  The  key  response  variables  monitored  were  soil  redox 
potential  measured  by  redox  probe  and,  for  soils  containing 
chlorinated  organics,  chloride  concentration  (one  endpoint  of 
reductive  dechlorination).  The  concentration  of  the  chlorinated 
contaminant  of  concern  was  used  to  verify  dechlorination. 

The  anoxic  optimization  studies  were  structured  to  include  a 
screening  and  validation  phase.  The  former  involved  the  testing  of 
a  wide  number  of  soil  amendments  (DARAMEND'™,  multivalent 
metals  and  others)  on  a  single  soil  to  determine  the  amendment(s) 
with  the  most  effect  on  the  soil  redox.  Based  on  this  screening 
efifcrt,  the  second  phase  involved  a  broader  range  of  soils  and  a 
selected  number  of  amendments. 

The  oxic  optimization  studies  involved  an  evaluation  of  the  ef&cacy 
cf  amendments  in  removing  volatile  fatty  acids.  The  key  response 


variables  monitored  were  soil  redox,  pH  and  volatile  fatty  acids. 
The  previously  demonstrated  D  ARAMEND"™  technology  was  the 
focus  of  much  of  the  efforts  however  other  amendments  such  as 
soUd  phase  oxygen  sources  were  also  evaluated 

Repeated  cycles  of  the  anoxic  and  oxic  treatment  phases  were 
apphed  to  validate  that  the  combined  treatment  was  effective  m 
reducing  the  measurable  concentration  of  contaminant  in  the  soil 
phase.  The  key  response  variable  monitored  was  the  chlorinated 
organic  compound  concentratioa 

The  fate  studies  involved  radioisotope  techniques  using  "C  isomers 
of  target  compounds  including  DDT  and  2,4,5-T  to  assess  the  key 
fates  of  selected  compounds.  Methane,  carbon  dioxide,  uptake  in 
biomass,  partial  breakdown  to  extractable  organics  and  volatile 
organics  were  endpoints  investigated  The  study  required  use  of 
multiple  trapping  techniques  (i.e.  NaOH  trap  for  carbon  dioxide) 
and  extraction  techniques. 

The  final  corr^xment  of  the  study  will  be  a  full-scale  demonstration. 
The  demonstration  will  involve  treatment  of  several  hundred  tonnes 
of  waste  in  a  lined  and  covered  treatment  cell.  The  objective  will 
be  to  verify  that  the  results  observed  in  the  laboratory  can  be 
translated  to  the  field  using  full-scale  equipment  SpecificaUy,  the 
cell  will  be  constructed  of  clay  berms  lined  by  high  density 
polyethylene  and  covered  by  a  Gothic  style  greenhouse.  To  ensure 
no  volatiles  are  released  to  the  environment  during  treatment  the 
headspace  of  the  greenhouse  will  be  maintained  under  negative 
pressure  and  the  captured  headspace  air  will  be  treated  using  an 
activated  carbcni  unit  Waste  treatment  will  be  implemented  using 
a  deep  rotary  tiller  powered  by  a  farm  tractor,  hrigation  will  be 
through  a  market  garden  irrigation  system  fed  by  creek  water. 

DEMONSTRA  TION  RESULTS 

The  key  results  for  each  phase  of  the  project  completed  to  date  are 
sunmiarized  in  the  bullets  Usted  below.  In  addition.  Table  I 
summarizes  the  results  of  selected  cycled  treatments,  validating 
treatment  efBcac^. 

•  the  most  effective  treatment  resulted  in  soil  redox  states  as  low 
as  -550  mV.  The  low  redox  could  be  maintained  for  periods 
of  approximatefy  3  weeks.  Other  treatments  resulted  in 
significantfy  hi^er  redoxes.  While  the  control  redox  (oxic) 
was  approximatefy  250  mV; 

•  a  strong  negative  redox  resulted  in  an  increasing  chloride 
cancentraticm,  increasing  volatile  fatfy  acid  concentration  and 
decreasing  pH  with  time.  The  chloride  concentration 
increased  rapidfy  then  decreased  with  time.  The  most 
significant  diange  in  soil  diloride  concentration  was  generalfy 
observed  in  less  than  7  days  of  strong  negative  redox 
conditions; 

•  the  lower  the  redox  state  attained,  the  greater  the 
dechlorination  observed  as  measured  by  an  increasing 
chloride  concentration; 
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oxic  conditions  resulted  in  a  return  of  pH  to  the  pre-anoxic 
pH,  decreasing  volatile  fatty  acid  concentration  and  increased 
redox.  Significant  changes  were  generally  observed  in  several 
days; 

optimal  oxic  treatment  involved  fi-equent  tillage,  potentially 
coupled  with  application  of  DARAMEND"™  amendments, 
depending  on  the  soil  treated.  No  beneficial  effect  was 
observed  when  sohd  phase  oxygen  sources  were  used; 

preliminary  results  fi-om  the  fate  studies  show  that  the 
recovery  of  chlorinated  compounds  as  methane  and  volatile 
compounds  is  neghgible.  Generally  speaking,  carbon  dioxide 
evolution  was  limited  however,  for  2,4-D  significant  carbon 
dioxide  evolved  (i.e.  20%  of  the  spiked  mass  was  recovered 
in  the  NaOH  trap);  and 


The  field  component  of  the  project  will  take  place  at  the  Uniroyal 
Chemical  facihty  located  in  Ehnira,  Ontario.  The  material  to  be 
treated  consists  of  approximately  300  tonnes  of  waste  containing 
a  number  of  materials  including  soil,  sludge  and  tank  bottoms.  The 
principal  contaminants  to  be  targeted  in  the  waste  are  2,4-D  and 
2,4,5-T  althou^  the  effect  of  treatment  on  many  other  chlorinated 
and  non-chlorinated  organics  will  be  evaluated.  Mobilization  is 
likely  for  October/November  of  1 995. 

Another  field  project  (not  receiving  funding  under  the  DESRT 
program)  is  scheduled  to  commence  in  South  Carolina  this  year. 
The  project  will  target  DDT  and  many  other  chlorinated  pesticides. 
Treatment  will  be  caiducted  on  the  surficial  2  feet  of  soil,  in-place, 
and  covered  by  a  greenhouse. 


coupled   treatment  resulted   in      excellent  decreases 
contaminant  concentration  as  shown  in  Table  1 . 


STATUS 


in  Project  Summary  prepared  by  Grace  Dearborn  Inc.  for: 

Enviroimiental  Technologies  Advancement  Directorate 
and  the 
Ontario  Ministry  of  Environment  and  Energy 


The  project  is  currently  moving  fi^om  closure  of  laboratory 
optimization  and  fate  definition  studies  to  initiation  of  field 
projects.  The  optimization  work  has  shown  rapid  and  consistent 
decreases  in  the  concentration  of  chlorinated  organics  including 
DDT;  Metolachlor,  2,4-D;  and  2,4,5-T. 


For  Further  Information  Contact: 

Lisa  Keller,  Environment  Canada  (819)  953-0962 

Gilles  Castonguay,  Ontario  MOEE  (416)  323-5214 

Alan  Seech,  Grace  Dearborn  (905)  279-2222 


Table  1 :  Concentrations  of  selected  chlorinated  organics  initially  and  following  a  specified  length  of  treatment 


1            Contaminant 

Initial 
(mg/kg) 

Final 
(mg/kg) 

Treatment  Time 
(days) 

Treatment 
Cycles 

DRE  (%)♦ 

Soil  1  -  DDT 

225 

113 

47 

2 

50 

Soil  1  -  Toxaphene 

577 

320 

47 

2 

45 

Soil  2-  2,4,5-T 

650 

370 

131 

2 

43 

Soil  2-  2,4-D 

4,950 

2,000 

131 

2 

60 

Soil  3-  Metolachlor 

139 

5.2 

186 

4 

96 

Soil  4-  2,4,5-T 

566 

344 

A-l 

2 

29 

Note  that  the  final  concentrations  represent  concentrations  following  the  stated  treatment  time.  Additional  treatment 
will  result  in  ftirther  contaminant  reductions. 

'  Destruction  and  removal  eflBciency. 


Disclaimer/Review  Notice:  This  document  has  been  reviewed  by  the  Environmental  Technologies  Advancement  Directorate  of 
Environment  Canada.  The  contents  do  not  necessarily  reflect  the  views  and  policies  of  agencies  represented  by  DESRT.  Mention  of  trade 
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IN-SrrU,  ON-SITE  BI0REMEDIAT10N  OF  WOOD  TREATMENT  SOILS  CONTAINING  CHLORINATED  PHENOLS  AND 

PAH'S  -  GRACE  DEARBORN  INC. 
Mississauga,  Ontario 

-  PROJECT  SUMMARY  - 
June  1994  (UPDATE) 

INmODUCTION 

In  1989,  the  Canadijui  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledg^  the  need  for  a  consistent  national  approach 
for  the  prioriJization  and  remediation  of  high  risk  contaminated  sites  in 
Canada.  In  response  to  this  need,  CCME  established  the  National 
Contaminated  Sites  Remediation  Program  (NCSRP),  which  Is 
supported  and  administered  through  federal-provindal-temtorial 
bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  is  a  component  of  the  NCSRP,  and  was 
established  to  address  the  NCSRP  objective  to  work  vwth  industry  to 
stimulate  the  development  and  demonstration  of  new  and  innovative 
technologies  having  the  potential  to  resolve  problems  which  are  critical 
to  the  environmental  remediation  of  contaminated  sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
Program  was  the  use  of  a  soOd-phase  organic  soil  amendment 
technology  developed  by  Grace  Dearborn  Inc.  The  study  was 
performed  by  the  vendor  and  was  jointty  funded  by  Environment 
Canada  and  the  Ontario  Ministry  of  Environment  &  Energy  (under  the 
DESRT  program),  and  Grace  Dearborn  Inc. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  pilot-scale  field  demonstration, 
consisting  of  both  in  situ  and  ex  situ  /  on-site  experimental  plots.  Total 
DESRT  support  was  $370,500.  The  main  objectives  of  the  research 
project  are  outtned  in  the  December  1993  Technical  Summary  Sheet 
issue. 

TECHNOLOGY  DESCRIPTION 

The  Daramend™  Bioremediation  Technology  was  developed  by 
Grace  Dearbom  Inc.  in  coordination  with  Environment  Canada.  The 
technology  involves  the  use  of  solid  phase  organic  amendments  of 
speafic  particle  size,  nutrient  profile,  and  nutrient  release  kinetics. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

This  study  was  conducted  over  the  course  of  two  years  (1991-1992). 
Field  work  involved  two  in-situ  demonstrations  of  the  technology,  the 
first  in  1991,  and  the  second  in  1992.  Two  ex-situ  (on-site) 
demonstrations  (the  first  in  1 991 ,  and  the  second  in  1 992)  were  also 
conducted.  Microcosms  were  set  up  in  the  latwratory  to  verify  the 
results  of  the  field  work. 

In  the  1991  in-atu  demonstration,  twenty-one  plots  were  set  up  to  test 
six  treatments  and  one  control  in  tripOcate.  Each  plot,  delineated  with 
galvanized-steel  surface  and  sutnsurface  terrier  walls,  covered  an 
area  of  10  m^  and  served  to  treat  approximately  8.4  tonnes  of  soil.  An 
undisturbed  2  m  buffer  zone  sunounded  each  plot 

The  treatments  tested  were: 


i)  Tillage  +  Irrigation  (Plots  2A-2C) 

n)  Tillage  +  Irrigation  D6380  (Plots  3A-3C) 

iii)  Tillage  +  Irrigation  +  Inoculation  (Plots  4A-4C) 

iv)  Tiflage  +  Irrigation  +  D6380  +  lnoculation{Plots  5A-5C) 

v)  Tdlage  +  Irrigation  +  D6390  +  Inoculation  +  (Plots  6A-6C) 

vi)  Tillage  +  Irrigation  +  D6380  +  Inoculation  +  controlled  -release 

inorganic  nutrients  (Plots  7A  -7C) 

The  "static"  control  consisted  of  undisturtjed  site  soil.  D6380  and 
D6390  are  Daramend™  product  numbers  and  refer  to  low-  nutrient- 
content  organic  amendment,  and  high-nutrient  -content  organic 
amendment  respectively. 

The  1992  in-situ  demonstration  dealt  with  PAH  concentrations  higher 
than  those  found  in  the  1991  in-situ  demonstration.  Nine  plots  were 
setup.  Three  treatitients  were  perfonned  in  triplicate.  The  treatments 
tested  were: 

0      Tillage  +  Irrigation  (Plots  1  -3) 
i)      Tillage  +  Imgation  +  D6380  (Ptots  4-6) 
in)     Tfflage  +  Irrigation  +  D6380  +  ControOed-release  inorganic 
nutnents  (Plots  7-9) 

The  1991  ex-situ  (otvsite)  demonstration  served  to  treat  approximately 
1 0  tonnes  of  soil.  The  treatment  area  measured  3  m  x  4  m  and  was 
surrounded  by  a  1  m  wide  buffer  (control)  zone.  The  depth  of  soil 
was  approximately  50  cm.  The  treatment  area  was  entirely  enclosed 
by  a  greenhouse  and  heating  allowed  for  year  round  soil  treatment 

The  1992  ex-situ  (on-site)  demonsti^on  served  to  demonstrate  the 
technology  at  a  larger  scale,  treating  approximately  1 00  tonnes  of  sofl. 
The  treatment  cell  measured  6  m  x  37  m  and  was  sun^ounded  by  a  1 
m  wide  buffer  (control)  zone.  The  depth  was  approximately  50  cm. 

The  1991  ex-atu  (on-site)  demonstration  tested  the  organic 
amendmenttechnotogywithweeWytillage  and  irrigation.  In  the  1992 
ex-situ  demonstration  the  soB  was  also  treated  with  controDed-release 
inorganic  nutrients.  Controls  in  both  demonstrations  consisted  of 
undisturtied  site  soL 

DEMONSTRAVON  RESULTS 

The  1991  in-situ  demonstration  data  indicated  that  initial  total 
chlorinated  phenol  concentrations  varied  between  the  plots.  During 
112  days  of  treatment  chlorinated  phenol  concentrations  were 
reduced  to  below  the  CCME  remediation  criteria  for  industrial  and 
commercial  soils  (5  mg/kg  for  each  listed  chlorinated  phenol)  in  soil 
treated  with  organic  amendments  alone  or  in  combination  with 
bacterial  inoculation  (treatments  u,  iv,  and  v  as  described  above). 
Chlorinated  phenol  concentrations  were  also  reduced  to  below  the 
CCME  remediation  criteria  in  sofl  receiving  only  tillage  and  irrigation 
(ti-eatinent  i),  however,  this  result  can  be  attiibuted  to  the  fact  that  the 
BOOS  in  plots  2A-2C  had  k)w  initial  total  chlorinated  phenol 
concentrations  (mean  =  6.6  mg/kg).  The  remediation  criteria  may  not 
have  been  achieved  had  the  initial  contaminant  concentration  been 


higher.  Chlorinated  phenol  concentrations  were  also  reduced  in  soil 
treated  with  bacterial  inoculation  alone  or  in  combination  with  an 
organic  amendment  and  supplemental  nutrients  (treatments  iil,  and 
vi),  however,  after  112  days  of  treatment,  the  total  chlorinated  phenol 
concentrations  were  6.7  mg/kg  and  6.8  mg/kg  respectively,  and 
remained  above  the  CCME  remediation  criteria. 

Data  from  the  19gc  in-situ  demonstration  indicated  that  after  147  days 
of  treatment,  the  total  PAH  concentration  in  the  soils  treated  with 
organic  amendment  alone  (treatment  R  as  described  above)  was 
reduced  by  79%,  from  18,496  mg/kg  to  3,870  mg/kg,  and  by  68%, 
from  7,577  mg/kg  to  2,409  mg/kg  in  soil  treated  with  an  organic 
amendment  and  supplemental  nutrients  (treatment  iii).  The  total  PAH 
concentration  in  tie  soil  receiving  tillage  and  irrigation  alone  (treatment 
i)  was  reduced  by  48%,  from  16,933  mg/kg  to  8,736  mg/kg,  however, 
concentrations  of  the  more  refractory  high  molecular  weight  PAHs 
with  four  to  six  fused  benzene  rings  (e.g.  fiuoranthene,  pyrene,  and 
benzo(a)anthracene)  were  only  reduced  in  soils  subjected  to 
treatments  0  or  iii. 

Data  from  the  1 991  ex-situ  (on-site)  demonstration,  which  treated  1 0 
tonnes  of  sod,  indicated  that  treatment  with  organic  amendment  alone 
reduced  the  total  cMprinated  phenol  concentrations  from  an  initial 
level  of  702  mg/kg  to  4  mg/kg  (below  the  CCME  remediation  criteria 
for  all  listed  chlorinated  phenols)  in  345  days.  The  total  PAH 
concentration  was  reduced  by  97%,  from  1442  mg/kg  to  36  mg/kg  in 
the  same  time  period.  The  concentrations  of  all  CCME  remediation 
criteria  listed  PAHs,  including  the  most  refractory  high  molecular 
weight  PAHs  (e.g.  benzo(a)pyrene  and  indeno(1,2,3-c,d)pyrene), 
were  reduced  to  t)elow  the  CCME  remediation  criteria  for  industrial 
and  commercial  soils  (10  mg/kg).  Concentrations  of  PAHs  wnth  two 
or  three  fused-benzene  rings  (e.g.  fluorene  and  phenanthrene)  were 
rapidly  reduced  to  below  the  remediation  criteria,  usually  within  21 
days  of  treatment 

Standard  toncological  tests,  including  earthworm  mortality  and  seed 
gemiination,  were  performed  on  soil  taken  from  the  treated  area  and 
the  control  area  after  completion  of  the  demonstration.  The  tests 
indicated  that  Daramend  treatment  had  reduced  or  eliminated  the 
sofs  toxicity.  Earthworms  exposed  to  soil  from  the  control  area  died 
in  four  days  (100%  mortality),  while  all  earthworms  exposed  to  the 
Daramend-bioremediated  soil  survived  for  the  full  28  days  of  the  assay 
(0%  mortality).  Similar  reductions  in  toxicity  of  the  treated  soil  were 
revealed  by  seed  germination  assays.  For  example  oat  seeds  added 
to  the  untreated  control  so3  faSed  to  germinate  (0%  germination)  while 
in  the  Daramend-bioremediated  soil  93%  of  the  seeds  germinated.  In 
an  agricultural  soil  with  no  history  of  contamination,  oats  germinated 
at  the  same  rate  (93%)  as  in  the  bioremediated  soil. 

Data  from  the  1 992  ex-situ  (on-site)  demonstration,  which  treated  1 00 
tonnes  of  soil,  indicated  reductions  in  total  chlorinated  phenol  and 


PAH  concentrations  from  initial  levels  of  691  mg/kg  and  1 568  mg/kg 
respectively,  to  8  mg/kg  and  96  mg/kg  respectively,  in  291  days. 
Given  the  results  of  the  1991  ex-situ  demonstration,  it  is  reasonable 
to  assume  that  CCME  remediation  criteria  would  be  achieved  for  all 
compounds  vM\  additional  treatment  time.  Table  1  summarizes  the 
results  of  all  four  demonstrations. 

CONCLUSIONS 

The  results  of  the  four  demonstrations  indicate  that  Daramend- 
bioremediation  is  an  effective  remediation  method  for  wood  treatment 
soils  containing  chlorinated  phenols  and  PAHs.  Significantiy, 
Daramend  treatment  resulted  in  attainment  of  CCME  remediation 
criteria  for  industrial  soils  and  reduced  or  eliminated  soil  toxicity  as 
measured  by  standard  tests.  The  most  effective  treatment  applied  to 
soils,  as  indicated  by  this  demonstration  involved  the  application  of 
Daramend  product  D6380.  The  selection  and  application  rates  of 
Daramend  products  are  dependant  on  the  nature  and  concentration 
of  target  compounds  in  soil  as  well  as  other  soil  physical  and  chemical 
properties. 

STATUS 

Work  is  continuing.  A  full-scale  demonstration  of  Daramend^" 
bioremediation  technology  was  initiated  in  the  summer  of  1993.  The 
full-scale  in-situ  demonstration  was  designed  to  treat  approximately 
0.5  hectares  (4800  m^  of  the  site.  The  area  was  divided  into  49 
individual  zones  of  approximately  100  m'  each.  After  305  days  of 
[daramend  ti'eatmentthe  concentrations  of  all  CCME  listed  chlorinated 
phenols  were  reduced  to  below  the  CCME  remediation  criteria  for 
industrial  and  commercial  soil  in  all  zones.  The  concentrations  of  all 
CCME  listed  PAHs  were  reduced  to  t>elow  the  CCME  remediation 
criteria  for  industrial  and  commercial  soil  in  all  zones,  with  the 
exception  of  3  zones  wtiich  remained  just  above  the  CCME  criteria  for 
two  of  the  most  refractory  high  molecular  weight  PAHs, 
tienzo(a)pyrene  and  benzo(b)fluoranthene  (CCME  criteria  =  10  mg/kg 
for  each).  The  remediation  criteria  for  all  compounds  in  all  zones  is 
expected  to  be  achieved  at  next  sampling. 
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INTRODUCTION 


^ 


In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-territorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  Is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  woridng 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated  sites. 

A  novel  project  selected  for  participation  in  the  DESRT  program 
was  a  field  validation  study  of  test  methods  for  solidified  waste 
evaluation,  which  was  initiated  in  January,  1993. 

DESRT  SUPPORTED  TECHNOLOGY 

Stabifization/solidification  (s/s)  with  cementitious  binders  is  used 
to  improve  the  physical  and  chemical  properties  of  ViQStes  prior 
to  utilization  or  disposal. 

Unfortunately,  although  a  great  variety  of  test  methods  have 
been  developed  all  over  the  worid,  ttiere  is  no  standard 
procedure  for  evaluating  the  efficacy  of  a  s/s  process. 

The  Wastewater  Technology  Centre  (WTC)  has  proposed  a 
series  of  test  methods  for  evaluating  the  intrinsic  physical  and 
chemical  properties  of  a  solidified  waste  (Environment  Canada 
Report  EPS  3/HA/9).  The  tests  examine  the  ability  of  the 
solidified  waste  to  retain  contaminants  over  the  long  term,  in  a 
variety  of  utilization  and  disposal  scenarios. 

Although  previous  work  has  provided  an  extensive  background 
database  of  state-of-the-art  solidified  waste  properties,  a 
relationship  between  properties  measured  in  the  laboratory  and 
the  behaviour  of  solidified  waste  in  the  field  has  yet  to  be 
established,  and  is  the  focus  of  current  wori<  at  WTC. 


Canada  under  DESRT,  the  joint  provincial  /federal  funding 
program  ($540,000),  as  well  as  the  United  States  Environmental 
Protection /Vgency  (5106,000). 

Expertise  and  in-kind  contributions  have  been  made  to  the 
project  by  Laidlaw  Environmental  Services  Ltd.,  Shaw-Eurocan 
Environmental  Inc.,  Standard  Slag  Cement,  Lafarge  Canada 
Inc.,  National  Silicates  Ltd.,  and  Beachville  Lime. 

TECHNOLOGY  APPLICATION 

The  proposed  test  methods  for  solidified  waste  evaluation  will  be 
used  by  waste  generators,  providers  of  s/s  technology,  and 
regulators,  to  investigate  waste  management  alternatives  which 
are  both  economically  and  environmentally  acceptable. 

Field  validation  of  the  test  methods  will  facilitate  confident 
adoption  of  the  methods  by  potential  users. 

TECHNOLOGY  DESCRIPTION 

Mixing  of  hazardous  wastes  with  hydraulic  binders,  such  as 
Portland  cement  or  pozzolanic  power  plant  fly  ash,  can 
immobifee  contaminants  in  two  ways:  1)  by  chemically  binding 
them  in  an  insoluble  form,  and  2)  by  physically  trapping  them  in 
a  rigid,  impermeable  and  durable  matrix 

The  proposed  solidified  waste  evaluation  protocol  examines 
basic  characteristics  of  the  solidified  waste  matiix,  and  chemical 
and  physical  immobilization  of  contaminants,  to  assess  the 
environmental  stability  of  a  solidified  product 

The  field  validation  study  of  the  protocol  has  been  initiated  with 
the  following  objectives: 

1 )  to  compare  and  relate  the  laboratory  and  field  leaching 
characteristics  of  a  solidified  product  and 

2)  to  critically  examine  the  proposed  criteria  dealing  with 
the  performance  of  a  solidified  product  undergoing  the 
specified  laboratory  tests. 


SUMMARY  OF  FIELD  VAUDATION  STUDY 


The  field  validation  study  of  tiie  WTC  protocol  is  scheduled  to 
To  date,  funding  for  this  project  has  been  supplied  by  the  Ontario  take  place  over  an  initial  period  of  three  years.  The  project  may 
Ministry  of  Environment  and  Energy,  the  British  Columbia     be  divided  into  three  main  phases: 
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I.  Waste  selection  and  s/s  formulation  development 

II.  Field  solidification 

III.  Landfill  cell  monitoring  and  evaluation  of  results 

Field  solidification  was  performed  in  October,  1993,  and  the  first 
year  of  monitoring  has  now  been  completed. 

PROJECT  DEMONSTRATION  SUMMARY 

An  electric  arc  furnace  dust  was  chosen  for  the  field  work.  This 
material  is  a  very  fine,  dark  reddish  brown  dust,  containing  high 
levels  of  boron,  chromium,  copper,  lead,  mercury,  nickel  and 
zinc.  Development  of  a  s/s  formulation  involved  initial  factorial 
design  experiments  with  generic  cementing  additives  to  select  an 
effective  cementing  system,  followed  by  selection  of  admixtures, 
based  on  early  strength.  A  binder  system  composed  of  62.5% 
granulated  blast  furnace  slag,  25%  lime,  7.5%  silica  fume,  and 
5%  sodium  silicate,  #h  a  hiafi  to  SiOj  ratio  of  1 :1 ,  was  decided 
upon.  Testing  batches  with  different  binder  to  waste  ratios 
according  to  the  WTC  solidified  waste  evaluation  protocol 
resulted  in  selection  of  a  binder  to  waste  ratio  of  4:3  for  the  field 
work.  As  would  be  expected  for  most  monolithic  solidified 
wastes,  the  solidified  product  passes  the  solidified  waste 
evaluation  protocol  by  physically  immobilizing  contaminants, 

A  pilot-scale  landfill  was  placed  in  the  6  m  deep  compacted  clay 
cover  of  the  hazardous  vi'aste  landfill  operated  by  Laidlaw 
Environmental  Services  near  Samia,  Ontario.  The  experimental 
cell  was  constructed  as  an  inverted  pyramid,  with  a  maximum 
depth  of  3  m  at  the  centre  of  the  pyramid,  and  an18mx18m 
base.  The  liner  and  leachate  collection  system  for  the  cell  is 
composed  of  (from  the  bottom  up):  the  compacted  site  clay,  a 
layer  of  geotextile,  a  layer  of  drainage  net,  a  flexible  membrane 
liner,  and  an  additional  layer  of  geotextile.  Leachate  is  collected 
from  above  and  below  the  flexible  membrane.  A  0.5  m  layer  of 
sitty  sand,  with  a  permeability  of  10*  m/s,  was  placed  to  surround 
the  solidified  material. 

Mixing  of  the  solidified  waste  vvas  performed  using  a  mobile 
treatment  system  composed  of  a  central  high  shear  concrete 
mixer,  surrounded  by  hoppers  on  load  cells  for  each  of  the 
components  of  the  mix.  Four  hundred  and  fourteen  (414)  0.15 
m^  batches  of  solidified  vraste  were  prepared  over  a  period  of  1 1 
days,  to  yield  approximately  63  m'  of  solidified  material  in  the 
ceil.  The  fresh  solidified  waste  was  transported  from  the  mixer 
using  a  piston  pump,  and  v/as  vibrated  in  place  v^h  a  pencil 
vibrator. 

Cores  of  the  solidified  waste  mass  were  taken  56  days,  6  months 
and  one  year  after  solidified  waste  placement  and  will 
be  taken  every  6  months  for  a  further  year.  Core  samples  are 
tested  in  the  laboratory  according  to  all  three  levels  of  the  WTC 
protocol,  in  parallel  with  solidified  waste  samples  cured  under 
laboratory  conditions. 


Leachate  is  being  collected  at  approximately  monthly  intervals 
from  the  collection  pipes  and  soil  moisture  probes  in  the  sand 
surrounding  the  waste.  The  leachate  is  analyzed  for  the  major 
contaminants,  conventional  parameters,  i.e.,  pH,  ORP,  TSS, 
TDS,  and  other  parameters  of  interest,  such  as  calcium, 
aluminum,  carbonate,  and  other  anions. 

TECHNOLOGY  DEMONSTRATION  RESULTS 

Physical  properties  of  the  field  samples  were  found  to  vary  more 
than  is  typical  of  latwratory  samples.  The  strength  of  the  56  day 
core  sample  was  low,  but  the  expected  high  strength  was  found 
for  the  6  month  core  sample,  showing  that  field  curing  took  place 
more  slowly.  In-situ  hydraulic  conductivity  appeared  to  be 
several  orders  of  magnitude  higher  than  laboratory  results. 

STATUS 

Boreoscopy  of  a  core  hole  are  also  planned,  to  investigate  the 
continuity  of  the  monolith  in  the  field  cell.  Collection,  evaluation 
and  comparison  of  the  laboratory  and  field  leaching  data  is 
presently  on-going.  A  statistical  comparison  will  tje  conducted 
to  examine  any  significant  differences  tietween  the  WTC  protocol 
results  for  waste  solidified  in  the  field  vs  results  for  waste 
solidified  in  the  laboratory,  and  to  investigate  changes  in 
solidified  waste  properties  with  time. 

The  relationship  between  field  properties  and  laboratory  results 
will  be  investigated.  The  quality  of  the  leachate  will  be  examined 
critically,  in  view  of  the  conclusions  made  regarding  the  solidified 
waste  quality  based  on  the  results  of  the  WTC  protocol. 

An  Interim  Report  for  the  site  and  waste  preparation  has  been 
submitted  and  is  currently  undergoing  review  by  the  funding 
partners.  A  final  report  will  be  prepared  for  March,  1996. 
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INTRODUCTION 


In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-ierritorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 
vflth  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  having  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated  sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  an  integrated  heavy  metal/organic  contaminant 
recovery  technology  developed  by  Tallon  Metal  Technologies  of 
Guelph,  Ontario.  This  project  was  conducted  with  equal  funding 
by  the  Ontario  Ministry  of  the  Environment  and  Energy  and 
Environment  Canada  under  the  DESRT  program.  Total  DESRT 
support  was  $409,054 

SITE  HISTORY 

The  Ataratari  site  encompasses  approximately  32  hectares  of 
land  near  the  central  business  core  of  Toronto  which  had  been 
secured  for  residential/commercial  redevelopment  by  the  City  of 
Toronto  arxj  the  Province  of  Ontario.  Historically,  the  site  was  the 
location  for  foundries,  scrap  yards,  rail  lands  and  coal  yards.  As 
a  result  of  this  past  industrial  activity,  a  substantial  portion  of  the 
site  had  become  contaminated  with  heavy  metals,  including  lead 
(Pb),  Copper  (Cu),  zinc  (Zn)  and  cadmium  (Cd),  and  organics, 
primarily  polyaromatic  hydrocartxins  (PAHs).  Preliminary  testing 
of  excavated  soils  from  the  site  revealed  that  the  soils  exceeded 
the  Ontario  Ministry  of  the  Environment  guidelines  for  re-use  with 
respect  to  these  contaminants,  and  it  has  been  estimated  that  a 
minimum  of  500.000  tonnes  of  soil  on  the  site  does  not  meet  the 
less  stringent  commercial/industrial  usage  criteria. 

TECHNOLOGY  DESCRIPTION 

In  the  Tallon  process  (Rgure  1),  contaminated  soil  is  initially  pre- 
screened  to  remove  large  debris  (eg.  stone,  brick,  etc.).  The 
screened  soil  is  subsequently  scrubtjed  in  a  wet  scrubber,  which 


washes  and  separates  coarse  soil  components. 

The  soil  slurry  is  then  subjected  to  size,  magnetic,  and  gravity 
separations  to  yield  additional  clean  soil  products.  Recovered 
metal  products  were  found  to  be  useful  feedstocks  at  an  off-site 
metal  recycling  facility.  The  treated  soil  slurry,  free  of  coarse 
metal  contaminants,  is  subjected  to  chemical  treatment  using 
specialized  reagents  and  physical  organic  separators  to  recover 
organic  contamination  product  (OP-1 ).  The  organic-depleted 
soil  sluny  is  treated  in  a  hydrometallurgical  circuit  w^ere  fine 
metal  contamination  is  selectively  leached  to  solution  and  then 
recovered  using  Vitrokele'™  metal  selective  adsortjents.  The 
metal-depleted  slurry  is  subsequently  washed,  dew^tered  and 
recombined  with  the  other  decontaminated  soil  products  for  on- 
site  re-use,  while  recovered  metal  product  (MP-5)  is  removed 
for  off-site  recycling. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

A  pilot-scale  treatment  demonstration  study  was  conducted  at 
an  off-site  location  using  four  bulk  samples  (35  tonnes  each)  of 
contaminated  soils  from  the  Ataratiri  site  in  Toronto.  As  shown 
in  Table  1  for  two  of  the  bulk  soil  samples,  the  levels  of 
contamination  in  each  of  the  soil  types  warranted  a  fairiy  broad 
range  of  remediation  requirements  witii  respect  to  various  target 
heavy  metals  and  PAH  contaminants.  Each  soil  sample,  and  a 
composite  of  all  four  samples  were  subjected  to  continuous 
treatment  in  an  ex-situ  treatment  facility  capatile  of  throughputs 
ranging  between  0.5  to  1.5  tonnes  per  hour. 

DEMONSTRATION  RESULTS 

Selected  results  of  the  treatment  of  two  of  the  soil  samples 
(Table  1)  using  the  Tallon  process  indicated  the  follovwng  key 
findings: 

•  Each  of  the  soil  samples  were  effectively  treated  using  the 
fully  integrated  steps  of  coarse  metal  contamination  recovery, 
organic  contaminant  recovery  and  hydrometallurgical 
contaminant  recovery  (eg.  for  individual  PAH's,  up  to  95% 
recovery  was  obtained;  for  metals,  overall  recoveries  ranged 
from  60%  for  Pb  to  90%  for  Cd) 

•  Treatment  by-products  were  highly  enriched  in  recovered 
contaminants  and  suitable  for  off-site  recycling. 

•  Based  on  the  characterization  and  treatment  of  the  four  soil 
samples,  of  the  500,000  tonnes  of  Ataratiri  soils,  it  is  estimated 


that  70%  of  the  soil  will  require  organic  treatment  due  to  one  or  more 
PAH  contaminants,  100%  of  the  soils  at  the  site  will  require  partial 
treatment  for  metals  contamination,  and  35%  of  the  soils  will  require 
complete  metal  treatment. 

•  The  vendor  (Tallon)  claimed  that,  based  on  the  findings  in  the 
demonstration  study,  a  cost  analysis  for  full-scale  remediation  of  the 
Ataratiri  site  indicatad  soil  treatment  costs  of  approximately  $100  per 
tonne  of  contaminated  soil. 


STATUS 

The  information  presented  in  this  summary  is  based  on  the  vendor's 
report  entitled  Decontamination  of  Ataratiri  Soils  Contaminated  with 
Heavy  Metals  and  Organics:  A  Demonstration  of  Tallon  Metal 
Technologies  Inc.'s  Soil  Remediation  Technology,  September  19! 
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Table  1.     Overall  Treatment  Results  for  Ataratiri  Soils 
AT^  and  AT-4 

COm-AMINANT* 

CONTAMINANT  LEVEL  (ng/g  dry  weight) 

REMEDIATION  CRFTERIA 
COf^  f/ ERQAUl  NOUSTOIAL 
S  (RESIDENnAIJPARKl_ANO) 

SOILAT-3 

SOL  AT-4 

Before 
Treatmeflt 

After 
Tfeatment 

Before 
TreatTTient 

After 

Tfeatment 

OntanoMOEE^ 

CCME* 

Are«nic 

V 

<2S 

"32* 

20 

50(25) 

50(30) 

Cadmium 

"82S" 

2 

*7.5* 

<17 

8(4) 

20(5) 

Coppef 

175 

120 

"2400" 

'297' 

300(200) 

500(100) 

Lead 

"1025" 

480 

"3300" 

'681* 

1000(500) 

1000(500) 

Mercury 

'1.4* 

0  6 

oe 

03 

2(1) 

10(2) 

Kickel 

70 

SO 

"«io" 

60 

200r2UU) 

500(100) 

Zinc 

"l300" 

481 

"2300" 

768 

800(8001 

1500(500) 

aUGrease 

8792 

2559 

3261 

966 

1%  (1%') 

5000(1000) 

6«nzo(a)anthracer>e 

'44* 

<10 

'20* 

<1,0 

10(1) 

Bertto(a)pvrene 

'48* 

<1.0 

'1.6* 

<10 

10(1) 

B«nzo{b)fl  uoranthene 

"124" 

'30' 

'13' 

<10 

10(1) 

lndeno{1 .2,3-cd)pYreoe 

'is* 

<1  0 

<10 

<10 

10(1) 

Pyrene 

*1215* 

10 

50 

<1.0 

100(11 

for  re-4jse  on-site 

0' 
>  industiial 

86^ 
residential 

0' 

Reg  347 

reglslerable 

waste 

84* 

industrial 

^ 

Only  target  values  of  significance  shown. 
Soils  were  analyzed  for  24  tretals  and  1 6  PAH's. 
^         value  exceeds  residential  guideline, 
value  exceeds  industrial  guidefine. 
Exceeds  commercial/industrial  guideline. 
Meeting  commercial/industricil  -  meeting  residential  guidelines'. 
Expected  with  simple  detergent  wash  of  coarse  products  during  treatment. 
Exceeds  Industrial  guidelines,  fails  Reg.  347 
leachate  for  Pb. 
Meeting  industrial  guideFines. 

Values  from  Interim  report  (CCME,  1991);  all  values  pg/g  dry  weight  unless  otherwise  noted. 
MOEE;  all  values  pg/g  dry  weight  unless  otherwise  noted. 
Guideline  is  for  fresh  oil;  for  weathered  oil  (minimum  of  2  years  exposed  on  site),  the  guideline  is  2%. 
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-PROJECT SUMMARY - 

PERVAPORATION  OF  VOLATILE  ORGANIC  COMPOUNDS  FROM 

CONTAMINATED  GROUNDWATER 

ZENON  ENVIRONMENTAL  INC. 

BURLINGTON,  ONTARIO 


INTRODUCTION 

In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  pnoritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada,  in  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-territorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  Is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  'environmental  remediation  of 
contaminated  sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  cross-flow  pervaporation  process  developed  by 
Zenon  Environmental  Inc.  A  study  using  a  pilot  plant  unit  (built  for 
the  Emergencies  Engineering  Division  of  Environment  Canada) 
was  performed  by  Zenon  in  the  summer  of  1993,  and  vras 
conducted  with  equal  funding  by  the  Ontario  Ministry  of 
Environment  and  Energy  (MOEE)  and  Environment  Canada 
under  the  DESRT  program. 


STTE  HISTORY 

The    pilot-scale    study   was    performed 
contaminated  site  in  southern  Ontario. 

DESRT  SUPPORTED  WORK 


at   a    hydrocartx)n 


The  program  contributed  approximately  $480,000  to  demonstrate 
and  commercialize  the  pervaporation  technology. 

TECHNOLOGY  DESCRIPTION 

The  Zenon  pervaporation  technology  is  designed  to  remove 
volatile  organic  compounds  (VOC)  from  wastewater,  leachate  and 
contaminated  groundwater.  In  the  Zenon  system,  contaminated 
water  is  pumped  into  a  pervaporation  module  containing  a  dense, 
organophilic  membrane.  The  water  flows  across  one  side  of  the 
membrane,  while  the  opposite  side  of  the  membrane  is  exposed 
to  a  vacuum  (typically  760  mm  of  mercury).  VOC  in  water  diffuse 


through  the  membrane  and  are  drawn  off  by  the  vacuum. 
Treated  vi^ter  is  recovered  or  discharged.  The  VOC  (and  a 
small  amount  of  water)  passing  through  the  membrane 
(permeate)  are  condensed  and  flow  to  a  permeate  collection 
tank  where  gravityseparation  of  water  and  VOC  occurs.  The 
concentrated  VOC  are  recovered  and  the  water  is  returned  to 
the  pervaporation  system  for  further  treatment 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

A  four  month  pilot-scale  study  was  performed  to  evaluate  the 
Zenon  pervaporation  system.  Several  wells  at  the  site  were 
analyzed  to  identify  the  most  contaminated  source  of 
groundwater.  Water  from  the  .most  contaminated  well  W3S  then 
pumped  to  pervaporation  system  for  treatment 

EVALUATION  CRITERIA 

A  mass  balance  approach  was  used  to  evaluate  the 
performance  of  the  system.  Water  entering  and  leaving  the 
system  was  analyzed  to  detennine  the  amount  of  VOC  removed 
during  treatment  System  performance  vras  verified  by  the  US 
EPA  during  eight  hours  of  sampling  and  monrtoring. 

DEMONSTRATION  RESULTS 

Table  1  shows  the  results  of  the  EPA  sampling  study.  The 
Zenon  pervaporation  system  removed  more  than  98%  of  the 
VOC  (Benzene,  Toluene,  Ethylbenzene  and  Xylene)  from  the 
groundwater.  Zenon  claimed  higher  removals  could  be 
achieved  by  increasing  the  residence  time  in  the  system. 

VOC  removed  by  the  system  were  highly  concentrated  allowing 
for  waste  minimization  and  the  possibility  of  reclaiming  the 
organic  compounds.  Exhaust  from  the  vacuum  pump  was 
passed  through  a  condenser  before  leaving  the  system, 
resulting  in  non-detectable  VOC  releases  to  the  outside  air. 

STATUS 

The  infomiation  presented  in  this  summary  is  based  on  a 
summary  vendor's  report  A  technical  report  prepared  by  Zenon 
will  be  published  under  the  DESRT  program.  A  field 
demonstration  of  the  pervaporation  unit  is  scheduled  to  take 
place  in  1994  under  the  Superfund  Innovative  Technologies 
Evaluation  (SITE)  Demonstration  Program. 
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Table  1.   Results  of  EPA  Sampling  Study  for  Untreated  Groundwater  and  Water  Treated  by  The  Zenon  Pervaporation  Pilot-scale  System 


voc 

Untreated  water 

(ugrt)' 

Treated  Water 

% 
Removal 

Benzene 

480 

9 

98.1 

Toftiene 

340 

6 

98.2 

V 
Ethylt>enzene 

120 

2 

98.3 

Total  Xylenes 

690 

12 

98.3 

TOTAL  vex: 

1630 

29 

98.2 

.  Average  concentrations  of  composite  samples  collected  over  an  eight  hour  period. 
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-PROJECT  SUMMARY- 

A  SELF-SEALING/SELF-HEALING  WASTE  CONTAINMENT  SYSTEM 

WASTEWATER  TECHNOLOGY  CENTRE 
Burlington,  Ontario 


wH 


INTRODUCTION 

[in  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  pnoritization  and  remediation  of  high  risk 

{contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provinciakerntorial  bilateral  agreements. 

I  The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 

(with  irxjustry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  chtical  to  the  environmental  remediation  of 
contaminated  sites. 

j  An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  self-sealing/seif-healing  waste  containment 
system.    Researchers  at  Environment  Canada's  Wastewater 

1  Technology  Centre  (operated  by  RockCliffe  Research 
Management)  are  cooperating  with  the  Netheriands  Energy 
Research  Centre  (ECN)  to  develop  a  novel  proprietary  bamer 
technology  to  isolate  waste  disposal  sites  from  the  environment 

I  DESRT  SUPPORTED  WORK 

This  project  is  being  conducted  to  develop  effective  banier 

Ifonmtetiorts,  and  background  data  concerning  the  effectiveness 
of  these  formulations,  at  tx)th  latwratory  and  pilot  scale.  The 
project  is  equally  funded  by  the  Ontario  Ministry  of  the 
Environment  and  Energy's  tMOEE)  and  Environment  Canada 
I  under  the  DESRT  program.  Total  DESRT  support  is  $  344,606. 

In  continuing  work,  development  of  a  customized  bamer  for  the 
mining  industry  will  be  undertaken.  Field  demonstration  of  the 
j  banier  is  being  planned  for  the  summer  of  1 995. 

'    TECHNOLOG  Y  A  PPUCA  TION 

i  This  new  barrier  technology  will  be  useful  in  most  applications 
involving  containment  of  liquid  pollutants,  surface  water  or 
groundwater.  Potential  applications  include;  the  mining  industry, 
as  a  tailings  site  cover  waste  rock  pile  cover,  or  heap  leach  liner; 

I  in  the  chemical  industry,  as  a  liner  for  industrial  sites;  the 
hazardous  industrial  and/or  municipal  waste  sectors,  as  a  landfill 
liner  or  coven  as  a  surface  impoundment  liner  for  non-hazardous 
industrial  waste;  and  site  remediation  for  isolation  of 
contaminated  soils  and  sediments. 


The  banier  also  has  applications  in  transportation  arKj 
cor^struction,  as  a  groundwater  barrier  for  cuts,  tunnels  and 
si^nades,  and  in  sealing  of  dams,  foundations,  artificial  lakes, 
ponds,  reservoirs,  and  spillways. 

TECHNOLOGY  DESCRIPTION 

In  general,  a  successful  bamer  system  must  satisfy  three  major 
criteria:  1 )  achieve  low  permeability  to  resist  the  nwvement  of 
ground  water  and  leachate,  2)  act  as  a  diffusive  barrier  in  order 
to  contain  contamirtants,  ar)d  3)  maintain  long  term  durability  in 
the  environment 

The  Self-Sealing/Self-Healing  (SS/SH)  banier  concept  offers 
unique  advantages  over  existing  technologies,  arxj  has  the 
potential  to  satisfy  the  criteria  for  a  successful  landfiil  barrier 
system.  The  SS/SH  banier  functions  on  the  principle  that  two 
reactive  parent  materials,  wtien  placed  in  layers,  will  react  at  the 
interface  to  form  an  insoluble,  highly  impermeable  seal.  The 
primary  advantage  of  this  system,  over  conventional  liners,  is 
that  unlike  convertiional  bamers  (which  in  the  event  of  a  breach 
in  the  liner  i  may  be  (tifficult  to  discover  arxJ  if  fourxl,  repair  may 
entail  an  expensive  excavation),  any  disruption  of  the 
impermeable  layer  of  the  SS/SH  banierwill  lead  to  new  contact 
of  the  parents,  and  renewed  formation  of  the  seal  Figure  1 
illustrates  the  SS/SH  concept  Parents  A  and  B  react  to  form 
the  highly  nsoh±ie  products  C  and  D.  In  the  event  of  a  breach. 
excess  parent  on  both  sides  of  the  t)arrier  will  come  into  contact 
and  react  to  "Self-HeaT  the  seal  Figure  2  illustrates  a  healing 
scenario  in  which  a  breach  due  to  settlirig  has  occurred. 

TECHNOLOGY  DEVELOPMENT  SUMMARY 

To  date,  four  stages  for  the  developmerrt  of  this  technology 
have  been  conducted.  The  first  st^e  was  to  asses  ttie 
properties  and  characteristics  of  the  various  forms  of  generic 
parent  materials  tttat  lead  to  successful  seal  formation  and 
recommend  feasit)le  parent  materials,  in  view  of  cost  and 
reactivity,  for  contimjin^  woric  Solubility,  homogeneity,  purity, 
cost  and  availat>ilrty  were  important  factors  in  selecting 
potential  liner  components.  These  factors  w^re  evaluated  for 
a  numtjer  of  generic  barrier  parent  materials,  from  North 
American  suppliers,  by  subjecting  them  to  laboratory  testing. 

The  second  stage  of  the  woric  was  conducted  in  order  to 
devek>p  a  diffusion  method  to  assist  in  examining  a  wide  range 
of  liner  parameters  in  an  efficient  manner  and  allow  the 
performance  of  ttie  sea!  to  be  measured  both  qualitatively  and 
quantitatively.  Diffusion  experiments  were  performed  on  single 
parent/matrix  combinations  alone,  and  compared  to  various 
parent/matrix  comt>inations  prepared  for  seal  formation. 


The  third  stage  of  the  work  dealt  wrth  the  assessment  of  the 
hydraulic  conductivity  of  various  parent  and  parent/matrix 
combinations  using  a  flexible  wall  permeameter.  A  flexible  wall 
hydraulic  conductivity  testing  method  (ASTM  D5084-90)  was 
modified  to  measure  the  hydraulic  conductivity  of  the  banier.  In 
this  method,  extemal  pressure  is  used  to  maintain  contact 
between  the  flexible  membrane  and  the  sample  to  control  side- 
wall  leakage.  Injection  of  dye  into  the  inlet  line  prior  to  testing 
allowed  visual  observations  of  flow  pattems  to  be  made. 

P 
The  most  recent  stage  was  canied  out  to  determine  the  extent  to 

which  design  parameters  can  be  controlled  to  optimize  the 

performance  of  the  barrier.  The  goal  In  optimization  of  the  SS/SH 

barrier  was  to  minimize  costs,  while  maximizing  performance.  A 

numt)er  of  preliminary  experiments  were  first  conducted  to  gain 

familiarity  with  bamer  placement  techniques,  and  to  identify  wtiich 

factors  most  influenced  banier  performance.  Following  this,  an 

optimization  e)g>eriment  was  initiated,  employirig  a  Half-Fraction 

Factorial  Design  Experiment,  designed  to  isolate  the  most 

influential  t>arrier  design  parameters.     Two  additional  seal 

formation  experiments  were  perfonmed  using  magnesite  as  the 

magnesium  cartwnate  parent 

TECHNOLOGY  DEVELOPMENT  RESULTS 

The  parents  were  found  to  exist  in  a  variety  of  forms,  differing  in 
terms  of  components,  purity,  and  cost  Two  inexpensive  reagent 
grade  materials  emerged  as  feasible  parents  :  Magnesite 
(MgCOj)  as  the  magnesium  cartx>nate  parent  and  High  Calcium 
Hydrated  Lime,  as  the  calcium  hydroxide  parent 

Fdtowing  the  diffusion  studies,  the  diffusion  coefTicient  was  found 
to  vary  between  0.9  to  1.5  E-0.6  cm^/s.  By  comparing  diffusion 
profiles  of  the  magnesite  and  seal  profiles,  the  diffusive 
resistance  of  the  seal  is  evident 


Only  limited  success  was  obtained  using  a  flexible  wall 
permeameter  to  measure  hydraulic  conductivity,  as  significant 
side-v\rall  leakage  was  otserved.  Dye  testing  .  hov^rever.  was 
able  to  show  flow  of  permeant  around,  rather  than  through  the 
interface  between  parents. 

The  results  of  the  optimization  experiments  indicate  that  the 
most  influential  parameter,  exclusive  of  solubility,  was  bulk 
parent  concentration.  The  solubility  of  the  parents  have  a 
pronounced  effect  on  seal  formation.  Non-stoichiometric  parent 
concentrations  in  solution  lead  to  a  shift  in  the  precipitation 
zone,  and  may  result  in  weak  seals,  or  increase  the  time 
required  for  self-healing.  Seals  formed  using  magnesite 
performed  well,  under  various  testing  scenarios.  Tracer  was 
completely  contained  above  ttie  interface,  or  was  significantly 
impeded  t>y  the  resulting  seal.  Reseal  experiments  were 
conducted  on  these  samples  by  puncturing  the  seals  after  tracer 
addition.  After  an  initial  progression  of  tracer,  the  banier  was 
seen  to  re-heal,  and  again  impede  the  diffusion  of  tracer. 

STATUS 

In  continuing  work,  devek>pment  of  a  customized  banier  for  the 
mining  indi^try  will  be  undertaken.  Fiekj  demonstration  of  the 
barrier  is  being  planned  for  the  summer  of  1995. 
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INTRODUCTION 

In  1989,  the  r'smiuiim  Council  of  Ministers  of  the  Envinnment 
(CCME)  ackncn^edgod  fte  need  for  a  consistent  national  approach  for 
the  phoiitization  and  remediation  of  high  risk  contaminated  sites  in 
Canada  In  respraise  to  this  need.  CCME  established  the  National 
Contaminated  Sites  Remediation  Program  (NCSRP),  which  is 
sui^nrted  and  administered  through  federal-provincial-territorial 
biljderal  agreements. 

The  Devdopment  and  Demonstration  of  Site  Remediation  Technology 
(DESRT)  program  is  a  component  of  NCSRP.  It  was  established  to 
address  die  NCSRP  otgective  of  working  with  industry  to  stimulate  the 
develqnnent  and  demonstrati(m  of  new  and  innovative  technologies 
with  the  potential  to  resolve  problems  that  are  critical  to  the 
enviroimiental  remediation  of  contaminated  sites. 

An  innovative  technology  selected  fOT  participaticm  in  the  DESRT 
program  was  TriWaste's  Molxlc  Thomal  Phase  Sq>arator.  A  full  scale 
study  of  the  technology  was  pofonned  by  TriWaste  Reduction  Services 
and  was  jointly  funded  by  Envinrnment  Canada,  the  Newfoundland 
Departmmt  of  Environment,  and  the  vendor. 

SITE  HISTORY 

sec  Environmental  of  St.  Jdm's,  Newfoutxlland,  and  TriWaste 
Reduction  Services  Inc.  of  Calgary,  Alberta,  were  awarded  a  contract 
to  remediate  1200  m'  of  PCB  ctmtaminated  soil  at  the  Makinscms  site, 
Newfoundland.  The  orphaned  site,  currently  imder  the  jurisdiction  of 
the  NCSRP,  was  previously  used  as  a  metal  salvage  yard  and  is  located 
85  kilometers  west  of  St  Jcto's,  Newfoundland.  Between  1 965  and 
1985,  cpaatiaDS  at  the  salvage  yard  focused  on  the  recovery  of  ct^iper 
wire  from  insulated  electrical  wire  and  electrical  transfcsmers.  Some 
of  the  txansfonners  contained  mineral  oil  with  low  concentrations  of 
PCBs.  The  process  at  the  yard  mvoived  draining  the  oil  from  the 
transfcHmen.  on  the  ground,  burning  the  oil  and  extracting  the  core 
from  the  metal  casings. 

DESRT  SUPPORTED  WORK 

Some  of  the  concerns  associated  with  the  use  of  thermal  desorption 
technologies  for  the  remediation  of  PCB  contaminated  soils  include 
PCB  removal  eSiciency  and  the  production  of  dioxins  and  fiirans. 
Thermal  Phase  Separation  technology  has  been  used  for  remediating 
soils  with  chlorophenols  and  dichlorobenzenes  but  has  not  yet  been 
proven  to  remedialc  soils  oontauiing  PCBs.  For  this  reason  the  DESRT 
program  supported  the  perfonnance  of  full  scale  tests  of  TriWaste's 


Mobile  Thermal  Phase  Separator  (Model  TPS-1).  These  tests, 
ccnrtirtfid  in  Alberta  and  Newfoundland,  were  geared  to  evaluate  the 
teduxdogy's  effixtivmcss  in  remediating  PCB  contaminated  soil  while 
oonqdying  with  federal  and  pn^/incial  requirements  far  emissions.  The 
IKSRT  program  contributed  S5 1,000.00  toward  the  total  cost  of 
SI  80,000.00.  The  remaining  S80.000.00  was  contributed  by  TriWaste 
Reducti(Ri  Services. 

TECHNOLOGY  DESCRIPTION 

TriWaste's  Model  TPS-1  uses  indirect  heating  to  separate  hydrocarbon 
contaminants  from  tiie  soil  It  can  be  used  to  remove  chlorinated  or  non 
chlorinated  hydrocarbons  with  boiling  points  of  up  to  600°C.  The 
Model  TPS-1  is  not  an  incineration  process  and  therefore  should  not 
produce  products  of  incoiiq)lete  combustion. 

In  the  qieration  of  the  first  stage  of  this  two  stage  process  the 
contaminated  soil  is  augured  through  the  extraction  chamber  and  is 
indirectly  heated  to  650  "C,  tboeby  volatilizing  the  hydrocarbon 
contaminants  (See  Figure  I ). 

The  second  stage  then  cools  the  off  gases  from  the  extraction  chamber 
that  contain  the  contaminants.  The  cooling  process  condenses  the 
c(Ritaminants  into  a  hquid  which  is  then  separated  into  oil  and  water 
fiacticos.  The  remaining  relatively  dry  gas  stream  of  non-condensable 
gases  is  subjected  to  final  polishing  in  a  mist  eliminatoT  and  a  series  of 
caibon  adsorption  beds.  This  gas  stream  is  fed  mto  the  firebox  as  fiiel 
to  heat  the  extractiai  chamber. 

PERFORMANCE  TEST  RESULTS 

In  order  to  denxmstrate  that  the  Model  TPS-1  could  remediate  PCB 
contaminated  soils  while  TiMintiiining  compliance  with  federal  and 
provincial  emission  requirements,  a  series  of  stack  emission  tests  were 
performed.  The  stack  gas  was  monitored  for  the  presence  of  PCBs, 
products  of  inctniplete  combustion,  particulates,  and  HCl.  The 
emission  of  dioxins  and  finans  were  also  measured. 

The  sampling  protocols  used  in  these  tests  were  based  on  Sampling 
Method  -  Enviranment  Canada  Reference  Method  (EPS  l/RM/2).  The 
first  set  of  triplicate  tests  was  omducted  in  Alberta  in  July,  1994,  on 
soils  containing  an  average  PCB  concentration  of  283  mg/kg. 
Although  the  tests  results  demonstrated  that  TriWaste's  Model  TPS-1 
was  able  to  meet  both  air  and  soil  regulatory  limits  for  dioxins/fiirans, 
HCl,  and  particulate  emissions,  the  high  variabiUty  in  the 
concentrations  of  PCBs  in  the  feed  soils  required  that  a  second  set  of 
tnphcate  tests  be  conducted  for  PCBs  only. 


Table!:  Results  from  the  Performance  Tests 


This  second  set  of  triplicate  tests  was  conducted  at  the  Makinsons  site 
in  Newfoundland  m  October,  1994,  and  confiimed  the  abihty  of  the 
Model  TPS-1  technology  to  meet  regulatory  reqiurements  for  the 
treatment  of  PCB  contaminated  soils.  Table  1  summaiizes  the  results 
from  the  performance  test  programs. 

The  destrxKtion  and  removal  eflSciency  (DRE)  is  defined  as  the  mass 
ratio  (PCBDj-PCBouTyPCBn,.  The  standards  for  PCBs  is  99.9999% 
(six  9s)  removal.  This  DRE  was  achieved  by  the  Model  TPS-1. 
Furthermore,  the  dioxin  and  furan  levels  were  rigorously  tested  and 
found  to  be  930  times  lower  than  the  levels  stipulated  m  the 
regulations.  The  removal  efiBciency  of  the  Model  TPS-1  for  PCBs  and 
dioxins/fiirans  in  soil  exceeded  99.9%  and  80.0%  respectively.  The 
Model  TPS-1  proved  to  be  capable  of  meeting  the  CCME 
Residential/Parkland  clean-up  criterion  for.  PCBs  of  S  mg/kg  on  a  dry 
soil  basis. 

CONCLUSIONS 

The  performance  tests  conducted  under  the  DESRT  program  have 
demonstrated  that  TriWaste's  Model  TPS-1  is  cfqiable  of  processing 
PCB  contaminated  soil  at  a  rate  of  more  than  4  tonnes/hr  while 
complying  with  federal  and  provincial  emission  requirements  for  PCBs, 
dioxins/fiirans,  HCl,  and  particulates. 

The  DESRT  perfonnance  tests  have  clearly  demonstrated  that  the  PCBs 
and  dioxins/fiirans  emitted  by  TriWaste's  Model  TPS-1  are 
insignificant,  even  when  oaaxpaiei  to  the  project  criteria. 

The  contaminant  volume  reduction  achieved  by  the  Model  TPS-1 
significantly  mmimizes  the  amount  of  contaminated  material  which 
eventually  has  to  be  destroyed  through  a  costly  incineration  process. 
Substantial  cost  savings  can  be  achieved  by  this  reduction  in 
contaminated  material. 

STATUS 

The  field  demonstration  is  now  completed  and  a  final  repori  is  currently 
imdergoing  review.  As  a  result  of  the  demonstration,  TriWaste  has 
designrd  and  &bncated  another  mobUe  imit  (Model  TPS-2)  which  has 
double  the  capacity  of  the  TPS-1  with  only  a  30%  increase  in  footprint. 

FOR  FURTHER  INFORMA  TION 

For  fiiither  information,  please  contact: 

Ken  Dominie,  Newfoimdland  Dept  of  Environment 
(709)729-2256 

Lisa  Keller,  Environment  Canada 
(819)  953-0962 

Jacques  Benoit,  TriWaste  Reduction  Services  Inc 
1-800-563-4242 
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Panuneter 

3  Test 
Average 
Cremona 

3  Test 

Average 

Makinsons 

Test 
Criteria 

FEED  SOILS 

Feed  Rate  (tonnes/hr)  dry 

1.060 

4.432 

1  Soil  Moisture  Content  % 

10.7 

12.5 

1  PCB  Content  (mg/kg)  dry 

283.3 

148 

Inlet  Mass  Loading 

0.2988 

0.6551 

Dioxins  and  Furans 
(as  TEO)  (US/kg) 

0.0153 

NM 

TREATED  SOILS 

1 

PCB  (mg/kg)  wet 

1.7 

0.058 

<5 

PCB  Removal  Efficiency 
(%) 

>99.4 

>99.96 

Dioxins  and  Furans 
(asTEQ)(^g/kg) 

0.003 

NM 

<1 

Dioxins  and  Furans 
1        (as  TEO)  Removal 

>80.0 

NM 

fti^iSi^ 

PCB  Concentrations 
mg/(NmOc/oll%Oj 

0.12746 

0.00013 

Stack  Gas  Mass  PCB 
Loading  (mg/hr) 

0.2479 

0.3758 

Ratio  of  Inlet  Mass 
Loading  to  Stack  Gas 

0.8858 

0.5721 

<1.0 

HCl  (mg/Rm*) 

O.002 

NM 

75 

Particulate  (mg/Rm') 

14.28 

NM 

200 

Dioxins  and  Furans 
(ng/RmO 

0.01297 

NM 

12 

PCB  Destruction  Removal 
Efficiency  (%) 

>99.9999 

>99.9999 

99.9999 

TEQ:  Toxicity  Equivalence,  R:  Reference,  NM:  Not  Measured 
Figure  I :  Flow  Diagram-  Thermal  Phase  Separator 
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GRAVEL  WASHING  PROJECT  -  CANADA  CREOSOTE  SITE 

ALBERTA  RESEARCH  COUNCIUACRES  INTERNATIONAL  LTD. 

CALGARY,  ALBERTA 

-  PROJECT  SUMMARY - 


DECEMBER  1993 
[INTRODUCTION 

tin  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  aclcnowledg^  the  need  for  a  consistent  natlonai 
approach  for  the  prrbritization  and  remediation  of  high  risi( 
contaminated   sites  in  Canada,     in  response  to  this  need, 

I  CCME  established  the  National  Contaminated  Sites 
Remediation  Program  (NCSRP),  which  is  supported  and 
administered  through  federai-provinclal-terrltorial  bilateral 
agreements. 

I  The  OESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  the 
NCSRP,  and  was  established  to  address  the  NCSRP  objective 

I  to  work  with  Industry  to  stimulate  the  development  and 
demonstration  of  new  and  innovative  technologies  having  the 
potential  to  resolve  problems  which  are  critical  to  the 
environmental  remediation  of  contaminated  sites. 

A  technology  selected  for  participation  in  the  DESRT  Program 
was  a  gravel  washing  system  developed  by  the  Alberta 
Research  Council.  The  study  was  conducted  by  the  Alberta 
Research  Council  in  coordination  with  Acres  International 
Ltd.,  and  was  jointly  funded  by  Environment  Canada,  Alberta 
Environment,  and  the  vendors. 

SITE  HISTORY 

The  Canada  Creosote  site  is  located  near  downtown  Calgary 
along  the  south  side  of  the  Bow  River.  Wood  preserving 
operations  were  carried  out  at  the  site  from  the  mid  1920s  to 
mid  1960s.  During  the  course  of  these  operations,  large 
quantities  of  creosote  and  pentachlorophenoi  were  spilled  at 
the  site.  Creosote  In  the  form  of  a  dense  non-aqueous  phase 
liquid  (DNAPL)  has  been  found  underlying  the  site  and  has 
migrated  into  the  river  bed  gravels  and  the  north  bank  of  the 
Bow  River.  Studies  are  currently  being  carried  out  to 
determine  the  nature,  extent  and  behaviour  of  the  creosote 
pool. 

DESRT  SUPPORTED  WORK 

The  OESRT  program  supported  a  pilot  program  study  at  the 
Canada  Creosote  site  to  investigate  alternative  remediation 
techniques  for  creosote  contaminated  sub-river  gravels.  This 
study  Included  cofferdam  construction,  gravel  washing,  water 
treatment  and  sludge  treatment  The  DESRT  program  has 
contributed  $2,043,000  to  studies  carried  out  at  the  Canada 
Creosote  site. 


TECHNOLOGY  DESCRIPTION 

The  gravel  washing  technology  used  by  the  Alberta  Research 
Council  consisted  of  a  screening  process,  passing  the 
material  through  a  coarse  material  screw  and/or  fine  material 
screw,  and  a  tumbler/trommel.  The  process  Is  optimized 
based  on  temperature  and  residence  time  in  the  tumbler. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

In  order  to  facilitate  excavation  of  contaminated  riverbed 
gravels,  a  cofferdam  35  metres  long  and  25  metres  wide  was 
built  within  an  existing  berm  in  the  river.  The  cofferdam 
consisted  of  three  trial  sections  (  a  pervious  fill  berm,  a  pre- 
cast concrete  cell,  and  a  driven  sheet-pile  cell).  After 
cofferdam  construction,  a  one-metre  wide  impervious 
bentonlte  slurry  wall  cut-off  was  installed  around  the 
perimeter  of  the  cofferdam. 

Contaminated  river  gravels  were  excavated  from  the 
cofferdam  using  a  back-hoe  loader  combination  and  fed  into 
a  200  mm  grizzly  to  remove  boulder-sized  stones.  The  gravels 
were  then  passed  along  a  conveyor  to  a  vibrating  3-deck 
screen  where  they  were  washed  and  processed  into  three 
fraction:  200  x  75  mm,  75  x  3  mm,  and  3x0  mm.  The  200  x 
75  mm  fraction  was  stockpiled  without  further  washing.  The 
75  X  3  mm  fraction  was  transferred  via  gravity  chute  to  a 
coarse  material  screw.  The  3x0  mm  fraction  was  gravity  fed 
with  wash  water  to  a  fine  material  screw  where  washing  and 
dewaterlng  occurred.  Following  treatment,  this  fraction  was 
stored  as  a  hazardous  waste. 

Tests  were  conducted  using  a  tumbler/trommel  to  clean  the  75 
X  3  mm  fraction.  Thirteen  gravel  washing  and  rewashing  tests 
were  performed  using  different  combinations  of  equipment, 
water  quantity  and  quality,  and  feedstock  material. 

The  average  rate  of  gravel  washing  was  50  tonnes  per  day 
with  a  maximum  of  3000  tonnes  per  day.  The  total  quantity  of 
contaminated  gravel  excavated  and  treated  was  1000  tonnes 
and,  of  this,  100  tonnes  was  rewashed. 

In  addition  to  the  material  separated  and  washed  through  the 
gravel  washing  plant,  a  significant  amount  of  fine  sludge 
accumulated  In  settlement  tanks  and  within  the  cofferdam 
excavation  area.  This  material  was  removed  and  eventually 
passed  through  a  centrifuge  to  reduce  the  water  content 

Most  of  the  creosote  found  throughout  the  pilot  program 


study  was  associated  with  the  dewater  sludge  and  the  3x0 
mm  fine  sand  generated  from  the  gravel  washing  operation. 
All  of  the  waste  water  generated  during  gravel  washing  was 
treated  on  site  and  recycled.  The  treatment  train  for 
wastewater  generated  Included  five  dirty  water/settling  tanlcs, 
clarifler,  bag  filter,  Klensorb  column,  granular  activated 
carbon  column,  And  three  semi-clean  and  two  clean  water 
storage  tanlcs. 


DEMONSTRATION  RESULTS 

When  washed  with  clean  or  semi-clean  water  on  the  vibrating 
screen  deck,  the  riverbed  gravels  were  reported  to  have  been 
adequately  cleaned.  Based  on  the  results,  It  is  expected  that 
washed  gravel  would  be  suitable  for  return  to  the  river. 


The  200  X  75  mm  fraction  was  clean  of  silt  and  creosote  and 
had  virtually  no  odour.  The  75  x  3  mm  stock  pile  was  also 
free  of  silt  and  occasionally  had  a  very  slight  creosote  odour. 
The  3x0  mm  fines  yWere  typically  saturated  with  water  and 
had  a  strong  creoso^  odour. 

The  use  of  water  jets  dislodged  the  sticky  sand  and  fines  from 
pebble  surfaces.  This  process  appeared  to  be  more  efficient 
when  contaminated  gravel  was  tumbled  with  water.  The  range 
of  DNAPL  content  on  the  cleaned  pebbles,  of  greater  than  1 
mm  size,  Is  0.08-0.04%  by  weight,  and  on  cleaned  pebbles 
less  than  1  mm  in  size  the  ONAPL  content  was  7.0-0.5%  by 
weight. 

Figure  1  •  Gravel  Washing  Schematic  Diagram 


Washing  with  recycled,  or  "dirty  water",  appeared  to  clean  the  fines 
and  silt  from  the  rock  but  was  ineffective  in  removing  the  creosote. 
The  washed  gravels  were  typically  coated  with  a  sheen  and 
possessed  a  strong  creosote  odour. 

Additionally,  washing  with  "dirty  water"  increased  the  level  of 
suspended  fines  in  the  wash  water  which  made  water  treatment  more 
difficult 

Rinsing  washed  gravel  in  the  trommel  with  warm  water  (60*-80*C)  was 
reported  to  provide  an  effective  second  cleaning.  The  warm  water 
caused  steam  with  a  strong  creosote  odour  near  the  trommel,  and 
after  rinsing,  the  gravels  carried  virtually  no  odour.  The  trommel  was 
ineffective  as  a  stand  alone  unit  for  processing  raw  contaminated 
gravels  from  the  cofferdam. 

The  waste  stream  from  the  gravel  washing  process  consists  of 
ONAPL  and  fine  sands  and  soil  which  separate  into  water  and  organic 
phases.  The  Clearwater  phase  contained  total  organic  carbon  varying 
between  4-18  ppm  depending  on  washing  treatment  Approximately 
45-50  minutes  settling  time  was  required  for  phase  separation. 

Approximately  1950  m'  of  sludge  was  generated  on  site  during  the 
excavation  and  gravel  washing  operations.  After  centrifugation  the 
dewater  sludges  were  gravity  fed  into  a  skid  steer  loader  bucket  and 
transported  to  storage  bins. 

STATUS 

The  gravel  washing  pilot  program  was  completed  in  the  fall  of  1991. 
A  final  report  has  been  approved  and  is  available 
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Table  1.  -  Analysis  of  Waste  Water 


Water  Sample 

Total  Organic 
Carbon  (mg/l) 

Phenol 
(mg/l) 

A.    Lab  Tumbling  Test 
(B#1S) 

5.8 

0.073 

B.    Tails  Water,  lATF  Run 
2  without  coal 

17.4 

- 

C.    Tails  Water,  lATF  Run 
2  with  coal 

12.7 

- 

D.    Once-cleaned  gravel 
(%  DNAPL  =  0.02)  - 
tumbled  with  fresh  tap 
water 

4.0 

0.037 

Tap  Water 

1.2 
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INTRODUCTION 

In  1989,  fbK  CanadiA  Council  of  Mmisters  of  fte  Environment 
(CCME)  acknowletQed  Ac  need  for  a  consistent  -  national  approach 
for  the  prioritization  and  remediation  of  high  risk  contaminated  sites 
in  Canada.  In  response  to  this  need,  CCME  established  the  National 
Contaminated  Sites  Remediation  Program  (NCSRP),  which  is 
supported  and  administered  through  federal-teiritorial  bilateral 
agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  b  a  component  of  NCSRP.  It  was  established 
to  address  tiie  NCSRP  objective  of  working  with  industry  to 
stimulate  the  development  and  demonstration  of  new  and  iimovBtive 
technolo^es  with  the  potential  to  resolve  problems  that  are  critical  to 
the  environmental  remediation  of  contaminated  sites. 

DESRT  SUPPORTED  TECHNOLOGY 

ARC  Sonics  Inc.  of  Burnaby,  B.C.,  with  the  assistance  of  tiie 
Emergencies  Engineering  Division  (EED)  of  Environment  Canada, 
investigated  the  effectiveness  of  combining  an  advanced  oxidation 
process  with  a  new  sonic  mixing  technology  for  the  destruction  of 
organic  contaminants  in  soils.  The  ultraviolet  light  used  in  this  work 
was  provided  by  Solarcbem  Environment  Systems  Ltd.  of  Maikham. 
Ontario. 

Eqnipnient  Descriptioii 

The  equipment  used  in  this  work  is  ARC  Sonics' patented  Sonic 
Grinder.  The  main  component  is  a  massive  steel  bar  which  is 
vibrated  at  its  lowest  resonant  frequency  of  100  faz  by  large 
electromagnets.  Sono-icaction  chambers  mounted  on  the  ends  of  the 
bar  are  cubjected  to  accelerations  of  several  hundred  times  that  of 
gravity,  thus  creating  intense  acoustic  pressure  waves  and  cavitation 
in  a  fluid  or  slurry  in  the  chamber.  The  equipment,  which  produces 
power  levels  up  to  SO  kW  in  a  2  to  7  litre  chamber,  is  deagned  to 
operate  eiAer  in  batch  or  continuous  mode. 

Sonic  Pressure  Waves  and  Cavitatioii 

In  tiiis  q>pEcation,  tiie  sonic  reactor  is  used  to  apply  sonic  energy  to 
agglomerated  soils,  such  as  clays.  One  physical  effect  of  the  intense 
sonic  pressure  waves  and  cavitation  on  these  soils  can  be  to 
dcagglomerate  them  and  disperse  the  particles  uniformly  through  tiie 
slurry.  Grinding  media,  in  the  form  of  small  ceramic  grinding  balls, 
can  be  added  to  the  chamber  to  enhance  deagglomcratioiL 


Advanced  Oxidation 

Advanced  oxidation  technologies  have  been  found  to  be  efifective 
methods  of  destroying  contaminants  in  water.  Often  ultraviolet 
(UV)  light  b  combined  with  oxidants,  such  as  hydrogen  peroxide  or 
ozone,  to  produce  hydroxy!  radicals.  The  hydroxy!  radical  reaxrts 
very  rapidly  with  most  organic  compounds,  converting  them  to 
carbon  dioxide  and  water  (and  hydrochloric  acid  in  the  case  of 
chlorinated  hydrocarbons).  However,  treatment  technologies 
utilizing  UV  fight  oxidation  technologies  arc  limited  to  the  treatment 
of  contaminated  water  because  nf  their  inability  to  treat  soil  slurries 
containing  agglomerated  lumps  with  encapsulated  contaminants,  and 
the  iruibility  of  the  UV  to  penetrate  into  Ac  slurry. 

High-intensity  sound  waves  in  a  fluid  produce  transient  acoustic 
cavitation,  thai  is,  the  generation,  growth,  and  collapse  of  gas-jGIled 
bubbles.  During  bubble  collapse,  local  temperatures  as  high  as 
10,000  deg  C  and  pressures  as  high  as  4,000  atmospheres  have  been 
reported  in  the  literature.  These  conditions  are  capable  of  producing 
hydnnQi  radicals,  ei&er  from  the  water  alone,  or  from  aqueous 
solutions  of  oxidants  such  as  ozone  and  hydrogen  peroxide. 

ARC  Sonics'  work  has  shown  that  intense  sonic  energy,  in 
comtnnation  with  ozone,  is  a  powerfiil  system  for  oxidizing  organic 
compounds,  as  discussed  in  the  next  section. 

PROJECT  DEMONSTRATION  SUMMARY 

Phase  1  of  the  {xoject  involved  variations  of  a  treatment  process 
using  clay  toib  qsksd  with  xylene,  perchloroethyiene,  phenol  or 
pentadilon>|d)enol(PCP).  The  most  promising  of  the  three 
processes  wu  rqjeated  in  phase  2  with  soil  samples  from  actual 
dKmical  spin  sites. 

L  Sonic  EnergyAJV/HjOj  Treatment  Process  - 

The  sdl  was  (fi^josed  into  a  slurry  using  soruc  energy  alone,  or 
(^«4>en  necessary)  by  sonic  grinding.  The  slurry  was  then  i^accd  in 
tiie  sono-reactor,  a  d"'"^"^  sted  chamber,  one  side  of  which 
featured  a  quartz  wmdow.  Hydrogen  peroxide,  equal  in  wei^  to 
the  contaminant  in  the  clay,  was  added  immediately  before  sealing 
the  sono-icactor  and  mounted  on  the  sonic  grinder.  Sonic  energy 
provided  fte  mixing,  while  UV  energy  was  transmitted  to  the  slurry 
through  the  quartz  window.  A  parametric  stuxly  involving  various 
treatment  times  and  sonic  power  levds  was  conducted. 


2.  Sonic  Energy/H]0]  Treatment  Process  • 

Since  the  optimqation  tests  for  process  1  indicated  thai  contaminant 
destruction  appeared  to  be  taking  place  during  the  dispersion  phase, 
process  2  tests  focussed  on  the  destruction  ofPCP  and  PCE  with  and 
without  grinding  media,  the  addition  ofHP]  ^nd  vaiialions  in  power 
levels  and  treatment  times. 


During  the  destruction  of  PCP,  the  pH  tended  to  fall  due  to  the 
suspected  release  of  chlorine  ions.  When  starting  with  soils  spiked 
with  PCP  to  high  levels  (>1000  ppm),  destruction  slowed  markedly 
in  the  100  ppm  range,  possibly  due  to  the  formation  of  intermediates 
which  reacted  with  the  available  oxidant  therefore  acting  as 
scavengers. 


3.  Sonic  Energy/Ozone  Treatment  Process  • 

In  view  of  the  relatively  low  destruction  rates  achieved  in  tfie  first  two 
processes,  it  was  decided  to  pursue  the  sonic  dispersion  process  using 
ozone  as  the  oxidant  The  ozone  gas  stream  was  3%  O,  and  97%  O,.  It 
was  produced  by  an  ozone  generator  and  injected  directly  into  the  slurry 
as  it  was  subjected  to  high-intensity  sonic  energy.  A  parametric  study 
involving  treatment  times,  contaminant  type  and  level,  power  level,  and 
the  use  of  grinding  n^dia  was  conducted.  This  process  was  rqxated  for 
phase  2  of  the  project' 

TECHNOLOGY  DEMONSTRATION  RESULTS 

Analysis  of  the  samples  was  conducted  by  Analytical  Services 
Laboratory  (ASL)  of  Vancouver  using  established  EPA  analytical 
methods  (Gas  Chromatography).  The  Emergencies  Engineering 
Division  of  Environment  Canada  in  Ottawa  conduced  analyses  on 
10  to  20%  of  the  samples  as  a  quality  control  measure. 

The  main  findings  of  this  study  are: 

Sonic  treatment,  and  (when  necessary)  sonic  grinding,  of  clay  or  silty 
soils  is  fast  and  effective  in  reducing  the  sofl  to  a  uniform  slurry  with 
particles  in  the  1  to  20  micron  size  range.  This  slurrying  step  is  very 
effective  in  preparing  agglomerated  contaminated  soU  for  treatment 

A  comparison  of  three  sonic  power  levels  (5, 7.5  and  lOkW) 
indicated  that  7  J  kW  provided  the  optimum  destruction  rates. 

The  combination  of  Sonic  Enetgy/UV/HjOj  restilted  in  dcstriiction 
of  the  contaminants  in  question,  however,  destruction  rates  were  too 
low  to  warrant  further  investigation.  It  is  believed  that  despite  fee 
sonic  mixing,  the  opacity  of  the  slurry  did  not  allow  UV  light  to 
penetrate  the  sample.  Extended  treatment  times  of  up  to  IS  mm  did 
not  significantly  improve  these  results. 

In  the  second  treatment  process,  which  involved  adding  hydrogen 
peroxide  during  the  dispersion/grinding  process,  significant 
destruction  of  both  PCE  and  PCP  was  obtained,  however,  the 
destruction  rates  were  still  modest 

Of  flie  three  processes,  the  combination  of  ozone  and  sonic  energy 
appeared  to  provide  the  best  resuhs  for  destroying  PCP  in  both 
spiked  and  actual  spill  samples.  Results  of  these  two  tests  are 
displayed  in  Figure  1.  In  both  cases  the  ozone  addition  and  sonic 
power  were  held  at  359ing/niin  and  5kW  respectively. 
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STATUS 

The  sonic  dispersion/grinding  process  has  been  found  to  be  vciy 
effective  in  deagglomerating  soils,  which  allows  encapsulated 
contaminants  to  be  treated.  The  sonic  process,  in  combination  with 
ozone  as  the  oxidant,  appears  to  be  very  effective  on  the  destruction 
of  PCE,  PCP  and  BTEX.  A  final  report  has  been  submitted  and 
reviewed. 

FOR  MOREINFORMA  TION 

The  project  was  carried  out  by  ARC  Sonics  Inc.  in  collaboration  wift 
The  Emergencies  Engineering  Division  of  Environment  Cflnaria 
The  information  provided  in  this  summary  is  based  on  an  interim 
technical  report  produced  in  December  1994. 

For  more  information,  please  contact: 
L  Kdler.DESRT  Program,  (819)  95M962 

J.  Ward,  BC  Ministty  ofEnviroament,  Lands  and  Psrks 
(604)387-9951 

D.Wantn,  ARC  Sonics  Inc.  (604)  990-1391 
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agaaes  represented  by  DESRT.  Motion  of  trade  nmies  or  a»iiiiniial|»«tid5  does  not  oonartuteiiwtT.^^ 
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INTRODUCTION 

tin  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national  approach 
for  the  prioritization  and  remediation  of  high  risk  contaminated  sites  in 
I  Canada.  In  response  to  this  need,  CCME  established  the  National 
'  Contaminated  Sites  Remediation  Program  (NCSRP),  which  is 
supported  and  administered  through  federal-provindal-territorial 
bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  is  a  component  of  the  NCSRP,  and  was 
established  to  address  the  NCSRP  objective  to  work  with  industry  to 
stimulate  the  development  and  demonstration  of  new  and  innovative 
technologies  having  the  potential  to  resolve  prot)lems  which  are  critical 
to  the  environmental  remediation  of  contaminated  sites. 

A  research  project  selected  for  participation  in  the  DESRT  program 
was  a  t)ioremediation  feasibility  study  conducted  by  the  Alberta 
Research  Council.  The  study  was  jointly  funded  tjy  Environment 
Canada,  and  the  Alberta  Environment  under  the  DESRT  program. 

SITE  HISTORY 

The  Peeriess  Wood  Preservers  site  is  located  near  Cayiey,  Alberta, 
approMmately  60  km  south  of  Calgary.  From  1 958  until  1 982,  the  site 
was  used  for  the  pressure  treatment  of  wood  products  using 
pentachlorophenol  (PCP).  The  site  wras  abandoned  in  1982.  A  site 
assessment  carried  out  between  1989  and  1990  indicated 
contamination  at  the  site  covering  an  area  of  atxjut  7200  m'  and 
extending  in  some  places  to  depths  in  excess  of  3  metres.  The 
primary  corrtaminants  of  concern  are  process  residues  from  the  wood 
preserving  operation,  principally  PCP. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  laboratory  scale  treatabiTrty  study 
for  bioremediation  of  the  Peeriess  site,  conducted  by  the  Alberta 
Research  Coundl.  The  objective  of  the  study  was  to  detemiine  if 
contaminants  at  the  site  were  amenable  to  biodegradation  by  the 
indigenous  microbial  population,  over  a  range  of  concentration  and 
temperature  conditions. 


The  freatabiSty  study  was  conducted  over  the  spring  of  1991 .  DESRT 
supported  costs  for  this  project  totalled  $93,000  (1 991/92). 

TECHNOLOGY  DESCRIPTION 

The  Alberta  Research  Council  conducted  the  feasitjility  study  by 
examining  biodegradation  by  the  indigenous  microbial  population. 
Microbial  population  growth  was  encouraged  in  the  latxaratory  scale 
study  through  aeration  and  the  addition  of  nutrients  (NH^NO,  and 
(NH4)3P04).  Plate  counts  detennined  the  total  number  of 
microorganisms  and  the  number  of  microorganisms  "acclimated"  to 
elevated  levels  of  PCP. 

TREATABIUTY  STUDY  SUMMARY 

Soil  samples  were  collected  from  nine  locations  within  the  site  on 
February  13,  1991.  The  samples  were  characterized  for  several 
parameters,  including  oil  and  grease  and  PCP.  Based  on  these 
analyses,  three  soils  containing  low  (300  ppm),  medium  (500  ppm) 
and  high  (900  ppm)  levels  of  PCP  were  selected  for  treatment 

Treatment  consisted  of  placing  250  grams  (dry  weight)  of  each  sofl  in 
a  2  L  mason  jar,  adjusting  the  moisture  contents  of^the  soils  to  70% 
of  field  capacity  and  adding  nutrients  (nitrogen  and  phosphorus). 
SoQs  were  aerated,  by  mixing,  on  a  weekly  basis. 

Biodegradation  of  corrtaminants  in  the  treated  soils  (low,  medium  and 
high)  was  determined  at  a  temperature  of  15°C  and  also  at  5°C  and 
25"'C  for  sofl  containing  the  medium  level  of  PCP  contamination. 

TREATABIUTY  STUDY  RESULTS 

The  investigators  concluded  that  contaminants  in  the  soils  from  the 
Peeriess  site  were  amenable  to  biodegradation  by  the  indigenous 
microorganisms.  PCP  concentrations  (Figure  1),  oil  and  grease  levels 
(Figure  2)  and  the  toxicrty  of  the  soils  (Figure  3)  were  apparently 
reduced  over  a  20  week  period.  Cartxjn  dioxide  evolution  and  the 
total  number  of  microorganisms  in  the  soil  also  changed  with  time. 

Temperature  and  PCP  concentration  influenced  contaminant 
degradation,  with  low  temperatures  and  high  PCP  concentrations 
having  an  adverse  effect  on  biodegradation.  As  a  results,  the  authors 
recommended  extending  the  study  to  see  how  far  PCP  degradation 
would  proceed  and  thereby  detennine  the  residual  levels  of 
contamination  in  the  soils. 


STATUS 

The  study  was  completed  in  the  summer  of  1 992.  A  draft  final  report 
was  prepared  and  approved. 

As  a  result  of  thp  treatabOity  study,  a  bioremediation  field  pilot 
experiment  at  thi  Peerless  Wood  Preserves  has  been  initiated. 
Results  obtained  after  one  year  of  operation  indicate  that  most  PCP 
concentrations  would  meet  CCME  soil  remediation  criteria  after  the 
two  year  operation  period,  while  additional  soil  remediation  may  be 
required  after  the  two  year  operation  period  for  oil  and  grease 
concentrations  to  meet  CCME  criteria. 


Project  Summary  prepared  by  Wastewater  Technology  Centre  for 
DESRT  Program,  Technology  Development  Directorate 
Environmental  Protection  Service,  Environment  Canada 
Hull,  Quebec 


In  cooperation  with: 
Albeite  Environment  (HELP  Project) 


orVi 


FoTfurther  Information  Contact: 

M.  Tnjdell,  Alberta  Research  Council  (403)  438-7506 

L  Keller,  Environment  Canada  (819)  953-09628 


FIGURE  2.  Effect  of  treatments  on  oil  and  grease  concentrations. 
Legend  scheme:  Treatment  concentration  (Low,  Moderate, 
High);  Treatment  temperature  in  °C  (6,16,  or  26). 
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FIGURE  1.  Effect  of  Treatment  on  PCP  concentrations.  Legend 
scheme:  Treatment  concentration  (Low,  Moderate,  High);  Treatment 
temperature  in  °C  (5,15.  or  25). 


FIGURE  3.  Effect  of  treatments  on  oil  toxicity  (Microtox);  5-miniite 
ECm  concentration  {%  soil  solution  extract).  Legend  scheme: 
Treatment  concentration  (Low,  Moderate,  High);  Treatment 
temperature  in  °C  (5,15,  or  26). 
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THE  BIO-REACTOR  PROJECT:  THE  REMEDIATION  OF  HYDROCARBON 

AND  BRINE  CONTAMINATED  TOPSOIL 

Nevis,  Alberta 

-  PROJECT  SUMMARY- 


Jiniel995 


JNTRODUCnON 


\ 


Six  1989,  fte  Canadian  Council  of  Ministers  of  the  Environment 
hCCME)  acknowledged  the  need  for  a  consistent  national  approach 
fir  the  prioritization  and  remediation  of  high  risk  contaminated  sites 
in  Canada.  In  response  to  this  need,  COME  estabUshed  the  National 
IContaminated  Sites  Remediation  Program  (NCSRP),  wiiich  is 
Isupported  and  administered  through  federal-provincial-territorial 
bilateral  agreements. 
I 

:The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  is  a  component  of  the  NCSRP,  and  was 
established  to  address  the  NCSRP  objective  to  woric  with  industry  to 
stimulate  the  development  and  demonstration  of  new  and  innovative 
technologies  having  the  potential  to  resolve  problems  which  are 
critical  to  the  environmental  remediation  of  contaminated  sites. 

DESRT  SUPPORTED  TECHNOLOGY 

The  project  involved  the  research  and  field  testing  of  a  near 
commercial  scale  Bio-Reactor  designed  to  treat  large  volumes  of 
soils  and  soil-like  materials  contaminated  with  hydrocarbons,  salts 
andmetals. 

TheDESRTPiugtam  has  siqjparted  die  Bio-Reactor  Project  between 
1992  and  1994,  co-fimding  the  study  with  GASReP  and  PERD 
(Environment  Canada),  Alberta  Environmental  Research  Trust 
(AHITX  tiic  Canadian  Association  of  Petroleum  Producers  (CAPP) 
and  ibe  Canadian  Petroleum  Products  Institute  (CPPI).  A  total  of 
S2.1SM  in  fimding  was  provided  to  the  project,  between  1991  and 
1994,  by  the  various  sipporters. 

Suppat  has  continued  from  the  plannmg  and  design  stages  through 
laboratoiy  testing  on  waste  str\icture  stabilization,  salt  removal  and 
biodegradation  and  engineering,  construction  and  operation  of 
expoimmtalfidd  facilities.  The  requirements  of  the  technology  were 
(1)  tofi3nnwastesintowaterstablesoil-hke  aggregates,  (2)  removal 
of  salts  by  leaching  and  down-well  disposal,  (3)  definition  of  the 
optimal  conditions  for  biodegradation  of  hydrocarbons,  (4) 
development  of  a  field  facility  with  controls  for  maintaining  above- 
ambient  ten^>eratures,  irrigation,  forced  subsurCace  aeration, 
precisian  tillage,  leachate  collection,  and  (S)    establishment  of 


treatment  enc^ints  utilizing  chemical,  physical  and  ecotoxicological 
oiteria. 

It  is  important  to  note  that  the  Bio-Reactor  was  designed  as  a  unit  in 
which  to  conduct  medium  scale  (4-8  tonne/treatment)  e?q}erimeots. 
As  an  experimental  unit,  it  was  engineered  to  exert  enviroimiental 
controk  aa  rq^licated  cells  and  to  permit  statistically  sound  sanq)ling 
of  the  waste,  air  emissions  and  leachates.  Thus  the  economics  of 

treating  wastes  in  the  Bio-Reactor  are  not  con^arable  to  commennal 
operations  but  costs  can  be  estimated  once  the  best  protoad  is 
established. 

CONTAMINA  TION  CHARACTERISTICS 

The  first  of  three  wastes  to  be  remediated  by  the  soUd-phase  Bio- 
Reactor  process  was  an  agricultural  topsoil  contaminated  with  cnide 
oil  and  brine  as  a  result  of  a  pipeline  break  in  central  Alberta.  The 
soil  contained  4%  organic  matter,  34%  clay,  27%  silt  and  had  a  pH 
of  8. 1  and  a  calcium  carbonate  equivalent  of  2.4%.  The  contaminated 
soil  contained  43,000  mg/kg  of  oil  and  had  an  EC  (electrical 
conductivity)  of  27  dS  m''  and  was  severely  water  repellent  It  was 
essential  to  remove  the  salts  (NaCl)  prior  to  initiating  the  biological 
process  necessary  to  reduce  the  hydrocarbons. 

TREATABILny  STUDY  SUMMARY 

LaboFBtciy  studies  on  the  physical  properties  of  the  contaminatedsoil 
resulted  in  a  procedure  to  aggregate  tiie  waste  into  a  soil-like  matrrial 
ffigji  speed  miving  of  the  waste  with  lime,  straw  and  starch  resohed 
in  a  matrix  with  a  stable  system  of  macropores  that  would  peonit 
rapid  salt  leaching  and  subsequent  efficient  water  and  gas  exchange; 
essentia]  properties  for  bioremediatioo. 

Environmental  factors  affecting  the  microbial  degradation  were 
studied  on  snail  aggr^ated  sanqiles  in  a  laboratory  setting;  replicated 
treatments  being  evaluated  using  measurements  of  hydrocaibon 
mineralization  (COj  efiQux)  and  solvent  (DCM)extractable  resLduals. 
Brine  salts  inhibited  biodegradation  strongly  at  higb  levels  and  it  was 
necessary  to  reduce  die  EC  to  less  than  7  dS  m''  to  avoid  prolanged 
incubation  periods.  Rates  of  degradation  were  amilar  between 
moisture  contents  of  IS  to  30%  (wAv).  The  addition  of  nitrogca 
fertilizer  was  essential  to  initiate  and  maintain  biodegradation.  Hie 


addition  of  400  mg/kg  of  N  was  optimum  and  the  form  of  N  (nitrate, 
ammonium  or  slow  release)  did  not  affect  degradation  rates. 
Increasing  the  temperature  from  32  to  37°C  resulted  in  substantial 
rate  increases  as  compared  to  ambient  (22  °C).  These  results  of  the 
laboratory  studies  served  to  establish  targets  for  the  operating 
parameters  of  the  fiejil  unit 

TECHNOLOGY  DEMONSTRA  TION  SUMMARY 

A  field  imit  Bio-Reactor  was  constructed  adjacent  to  a  natural  gas 
processing  plant  which  provided  essential  services  and  waste  heat  so 
the  unit  could  be  operated  year-round.  The  Bio-Reactor  was 
comprised  of  a  linear  array  of  nine  independent  cells,  each  cell  9  m 
long,  3  m  wide  and  0.5  m  deep.  The  contaminated  soil  was 
aggregated  with  a  high  speed  custom  designed  rototiller  and  placed 
in  the  cells  to  a  deptii  of  either  1 5  or  30  cm.  The  waste  material  was 
treated  in  the  Bio-Reactor  for  II  months  under  the  following 
CGuditians: 

Ambient  tempCTature/Passive  aeration 
Ambient  temperature/Forced  aeration 
Elevated  temperature  (35°C)/Passive  aeration 
Elevated  tcmpcraturc(35''C)/Forccd  aeration 
30  cm  deep/35°C/Forced  aeration 

AD  loading  depths  other  than  the  last  treatment  were  15  cm  and  all 
cells  were  leached  and  fertilized.  The  addition  of  hydrated  lime 
caused  the  pH  to  increase  to  1 1 .  COj  was  forced  through  the  waste, 
in  onler  to  reverse  this  eflFect,  and  the  pH  was  reduced  to  7.5  within 
hours. 

Following  the  11  month  treatment  in  the  Bio-Reactor,  the 
contaminated  soil  from  all  treatments  was  combined  and  transferred 
to  a  heated  and  aerated  Bio-Pile.  The  Bio-Pile  is  a  secondary 
finishing  unit  (10  x  12  x  I  m  deep)  and  a  model  for  an  operational 
unit 

TECHNOLOGY  DEMONSTRA  TIONRESUJ.TS 

The  aggregation  process  resulted  in  the  production  of  sttong  water 
stable  aggregates  and  permitted  the  leaching  of  brine  salts  with  a 
minimum  of  water,  about  2  L/kg  soil.  The  bulk  density  of  the 
cantamjnated  soQ  was  veiy  favourable  being  about  0.65  g/cm'  and  as 
a  result  forced  aeration  had  no  effect  on  hydrocarbon  degradation, 
even  with  a  30  cm  dq)th.  Neither  Oj  deficiency  or  COj  accumulation 
appeared  to  limit  microbial  activity,  either  in  the  Bio-Reactor  or  in  the 
Imdeq)  Bio-Pile. 

Daring  &e  11  month  residence  time  in  the  Bio-Reactor  the 
lydrocaiban  content  in  the  heated  cells  decreased  fixmi  43,000  to 
24,0(X)  mg/kg  (44%  decrease)  whereas  in  the  xmhe^xcA  cells  the 
decrease  was  27%.  Almost  all  of  the  losses  could  be  attributed  to 
micrbbial  degradation  as  loss  of  vdatiles  was  less  than  1%  of  the  total 
and  losses  in  leachates  were  nil.  Heating  thus  had  favourable  effects 

DISCLAIMERyREVIEW  NOTICE 


which  were  most  pronounced  during  the  winter  but  also  during  the 
growing  seasoa  Winter  operation  proved  to  be  readily  feasible  with 
only  Ught  insulation  of  the  waste  surface.  Once  the  material  was 
mixed  and  transferred  to  the  heated  Bio-Pile,  decreases  in 
hydrocarbon  content  were  small  In  the  June  to  November  period,  oil 
contents  decreased  from  25,000  to  22,000  mg/kg  and  after  1 .5  years 
in  the  Bio-Pile  the  hydrocarbon  content  remains  at  20,000  mg/kg  and 
does  not  appear  to  be  changing,  Le.  the  hydrocarbon  contaminants  are 
stable,  probably  due  to  sorption  to  clays  and  organic  matter.  Levels 
of  N  and  P  were  not  limiting  and  additions  of  fertilizer  were 
uimecessary  once  readily  degraded  components  had  been  utilized 
(about  1  month)  and  nutrient  cycling  mechanisms  were  functioning. 
The  crude  oil  waste  remains  in  the  pile  after  20  months  (January 
1995)  without  disturbance.  Low  level  monitoring  of  oil  content  will 
continue  to  the  end  of  the  project  to  document  long  term  changes. 

A  batteiy  of  ecotoxicity  tests  (germination,  root  elongation, 
earthworm  survival,  Microtox)  were  used  to  determine  potential 
toxicity  after  16  months  of  treatment  Although  the  residual 
hydiocarixms  exceeded  20,000  mg/kg,  no  toxicity  was  detected  in  the 
treated  topsoil,  suggesting  that  well-weathered  oil  may  pose  minimal 
disposal  or  land  apphcation  problems  if  salinity  and  wettabihty  are 
not  an  issue. 

STATUS 

Treatment  of  ihe  oil  contaminated  topsoil  will  continue  in  1 995.  Two 
other  Itydrocarbon  and  salt  contaminated  wastes  are  under  treatment 
by  the  Bio-Reactor/Bio-Pile  technology.  Additional  ecotoxicity 
testing  is  currenUy  underway  to  evaluate  risk-based  assessments  of 
residual  hydrocarbons.  A  final  report  on  the  project  will  be  available 
in/4)rill996. 


This  Project  Summary  was  prepared  by  ILM.  Danielson,  University 
of  Calgary  and  is  based  on  five  reports  pubhshed  by  the  Canadian 
Association  of  Petixjleum  Producers  [CAPP,  (403)  267-1143] 
including  the  summaty  report  The  Bio-Reactor  Project:  Executive 
Summary  for  1992-93.  The  Remediation  of  Hydrocarbon  and  Brine 
Contaminated  Topsoil  (1994).  ' 

This  summary  was  prepared  for 

The  DESRT  Program,  Technology  Development  Directorate, 

Environmental  Protection  Service,  Environment  Canada 

Hull,  Quebec 

For  fiiither  information,  please  contact 

lin  Callow,  Gulf  Canada  Resources  (403)  233-3924 

Lisa  Keller,  Environment  Canada  (819)  953-0962 

Walter  Ccroici,  Alberta  Environment,  (403)  427-6182 


TMs  document  has  been  reviewed  by  the  Technology  Development  Directorate  of  Environment  Canada.  The  contents  do  not  necessarily  reflect  the  views 
and  pdiejcs  of  agencies  represented  by  DESRT.  Mention  of  trade  names  or  commcreial  products  docs  not  constitute  recommendation  or  endorsement  for  use. 
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-  PROJECT  SUMMARY  - 

BIOREMEDIATION  PROJECT,  PACIFIC  PLACE  SITE 
WASTE  STREAM  TECHNOLOGY.  INC. 


INTRODUCTION  H 

In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowiedged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  vi'hich  is  supported  and  administered  through 
federal-provincial-territorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  NCSRP.  It 
was  established  to  address  the  NCSRP  objective  of  working  with 
industry  to  stimulate  the  development  and  demonstration  of  new 
and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated  sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  bioremediation  process  developed  by  Waste 
Stream  Technology,  Inc.  A  study  of  this  technology  was  per- 
fornied  by  Waste  Stream  Technology,  Inc.  and  was  jointly 
funded  by  Environment  Canada,  the  British  Columbia  Ministry  of 
Environment  Lands,  and  Partes,  and  the  vendor. 

SITE  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columbia.  The  site  historically  housed  numerous 
industrial  facilities  including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  worics,  and  fuel  storage  and 
transfer  facilities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  polycyclic 
aromatic  hydrocarbons,  chlorophenols,  cyanide,  heavy  metals, 
and  other  organic  and  inorganic  contaminants. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technologies  to  evaluate  their  effectiveness  for  treating 
contaminated  soils  from  the  Pacific  Place  site.  The  technologies 
evaluated  included  thermal  extraction,  bioremediation,  and 
stabilization/solidification,  as  well  as  the  bioremediation  process 
developed  by  Waste  Stream  Technology,  Inc.  The  DESRT 
program  has  contributed  approximately  $1.13  million  to  the 
treatability  studies  carried  out  at  the  Pacific  Place  site. 


TECHNOLOGY  DESCRIPTION 

Waste  Stream's  technology  uses  solid-phase,  bioaugmented 
bioremediation  for  treating  soils  contaminated  with  organic 
compounds.  In  this  solid-phase  technology,  soils  are  spread 
on  an  impervious  treatment  pad  to  a  depth  of  atraut  45  cm. 
Frequent  tilling  of  the  soils  introduces  oxygen  and  promotes 
mixing  of  microorganisms  and  soil  particles.  Nutrients, 
moisture,  and  inoculum  are  applied  by  spraying  or  spreading 
and  are  tilled  Into  the  soil.  Waste  Sb'eam  maintains  cultures 
of  organisms,  originally  isolated  from  contaminated  sites,  that 
are  known  to  degrade  certain  contaminants,  and  practices 
frequent  inoculation  of  soils  undergoing  treatment  with  the 
most  appropriate  organism  or  combinations  of  organisms. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

Bench-scale  treatability  studies  were  performed  using  three 
different  types  of  contaminated  soils  from  the  Pacific  Place 
site.  The  studies  were  conducted  over  an  18-  to  35-week 
period.  Biostimulated,  sterile  control,  and  several  bioaug- 
mented soil  pan  reactors  were  established  for  each  soil  type. 
Before  establishing  the  reactors,  the  soil  samples  were  mixed 
and  screened  to  remove  material  over  5  cm  in  diameter.  All 
soil  pans  (except  for  the  sterile  controls)  received  daily 
moisture  and  nutilent  amendments  and  bioaugmented  reactors 
were  inoculated  with  organisms  at  least  weekly  to  maintain 
high  microbial  populations.  Soils  were  monitored  and  sampled 
throughout  the  study  for  physical  and  chemical  characteristics 
aid  microbial  enumeration.  Head  space  studies  in  flasks  were 
also  performed  to  evaluate  any  losses  of  organic  contaminants 
due  to  volatilization. 

Treatment  goals  for  evaluating  the  reduction  of  organic 
contaminants  were  based  on  the  British  Columbia  Standards 
for  Managing  Contamination  from  the  Pacific  Place  Site. 

DEMONSTRATION  RESULTS 

A  summary  of  selected  treatment  results  for  biostimulated  and 
two  different  bioaugmented  studies,  compared  with  initial  soil 
concentrations  and  treatment  goals,  is  provided  in  the  table. 
The  following  are  the  key  findings  of  the  study: 

•  In  general,  concentrations  of  chlorophenols  and  PAHs  were 
reduced  rapidly  over  the  first  2  weeks  of  the  study  and  then 
in  some  reactors  appeared  to  increase  tjetween  7  and  14 
weeks  into  the  study. 


Over  the  course  of  the  study,  reductions  in  total  PAH 
concentrations  in  the  bioactive  soil  pans  with  the  highest 
contamination  ranged  from  28  to  35%.  Reductions  in  the 
samples  with  lower  concentrations  of  PAHs  ranged  from  15 
to  78%.        J 

Chlorophenol  concentrations  were  reduced  by  about  65%  in 
the  best  performing  soil  pan. 

PAH  reductions  were  enhanced  using  bioaugmentation,  while 
the  biostimulated  reactors  performed  the  best  in  reducing 
concentrations  of  chlorophenols. 

At  the  completion  of  the  study,  most  of  the  PAH  compounds 
in  the  sample  with  the  highest  initial  concentrations,  and  all 
of  the  chlorophenol  compounds  significantly  exceeded  the 
treatment  goals. 

Losses  of  organic  compounds  due  to  volatilization  were  not 
significant        o 


STATUS 

The  information  provided  in  this  summary  is  based  on  the 
vendor's  report  entitled  Treatability  Study  for  Bioremedlation  of 
Contaminated  Soils  at  the  Pacific  Place  Site  in  Vancouver, 
British  Columbia,  Canada;  and  a  technical  report  prepared  by 
Steams  &  Conrad  Engineers  to  be  published  by  Environment 
Canada,  entitled  Technical  Summary  Report  for  the  Pacific 
Place  Project  Special  Waste  Treatability  Study  Program. 


Project  Summary  prepared  by  Steams  &  Conrad  Engineers  for 

DESRT  Program,  Technology  Development  Branch 

Conservation  &  Protection,  Environment  Canada 

Hull,  Quebec   K1A  0H3 

In  cooperaton  with: 
B.C.  Ministry  of  the  Environment  Parks  &  Lands 

For  Further  Information  Contact 
G.  Hardy,  Environment  Canada    (819)  953-0962 
B.  Ferguson,  B.C.  Environment   (604)  356-6027 


Table  1.  Summary  of  Test  Results 




sample  1  • 
M4  Organ  isrti 

Sainpre  Z-r 
MS-Otgatiitm 

1 

sampte  3-r               TrefttmeiM    j 
BtdstntiiHated                   GSAt         1 

Total  PAHs 

2053 

683 

177 

S3 

1S6 

133 

200 

Total  Chlorophenols 

NT 

NT 

NT 

NT 

53'" 

17'" 

10 

TEH 

9675 

5630 

NT 

NTS 

NT 

NT 

- 

'^         Total  Chlorophenols  does  not  include  tetrachlorophenol  concentrations  because  they  were  not  reported. 

Concentrations  reported  in  mg/kg. 
T„         Initial  concentration 
T,         Final  concentration 
NT       Not  tested 
TEH     Total  Extractable  Hydrocarbons 
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•  PROJECT  SUMMARY  - 

BIOREMEDIATION  PROJECT,  PACIFIC  PLACE  SITE 
CHEM-SECURrTY  LTD^  AND  REMEDIATION  TECHNOLOGIES,  INC. 


'in  1989.  the  Canadiarif  Council  of  Ministers  of  tiie  Environinent 
(CCME)  acknowiedgl^  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established     the    National    Contaminated     Sites    Remediatior! 

'Program  (NCSRP),  which  b supported  and administefed  through 
federaHirovindakenitorial     bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  woridng 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  arxl  innovative  technologies  with  the  potential  to  resolve 
problems  thiat  are  critical  to  the  environmental  remediation  of 
contaminated    sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  bioremediation  process  developed  by 
Remediation  Technologies,  Inc.  A  study  using  the  process  was 
performed  by  Remediation  Technologies,  Inc.  in  association  with 
Chem-Security  Ltd.,  and  was  jointly  funded  by  Environment 
Canada,  the  British  Columbia  Minisby  of  Environment,  Unds, 
arxJ  Parks,  and  the  vendors. 

SHE  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columbia  The  site  historically  housed  numerous 
itxjustrial  facilities  hduding  manufactured  gas  plants.  ra3  yards, 
wood  treatment  facilities,  metal  works,  and  fuel  stor^e  and 
transfer  fadiities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  polycydic 
aromatic  hydrocartxms,  chlorophenots,  cyanide,  heavy  metais, 
and  other  organic  and  irwrganic  contaminants. 

DESRT  SUPPORTED   WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technobgies  to  evaluate  their  effectiveness  for  treating 
contaminated  soils  from  the  Pacific  Place  site.  The  technologies 
evaluated  ir>cluded  thermal  extraction,  bioremediation,  and 
stabili-zatiorVsolidification,  and  included  the  bk>remediation 
process  devek>ped  by  Remediation  Technologies,  Inc.  The 
DESRT  program  has  contn'buted  approximately  $1.13  million  to 
the  treatabifity  studies  carried  out  at  the  Pacific  Place  site. 


TECHNOLOQY  DES&tlPTION 

Two  bioremediation  technologies  were  tested  m  this  study: 
aerobic  slurry-phase   and  aerobic  solid-phase  treatmenL 

In  the  sluny-phase  technology,  soils  are  screened  to  nmave 
oversize  materials,  mixed  with  water  to  form  a  shny  and 
placed  into  a  reactor  or  series  of  reactors.  The  pH  is  adjusted 
and  nutrients  are  added  as  needed  to  the  reactor,  which  is 
continuously  aerated  and  stirred.  Usually,  no  inoculum  is 
added  to  the  slurry.  Instead,  bidigenous  microorganisms 
provkled  biodegradation  when  stimulated  by  optimum 
conditions.  Upon  completion  of  treatment,  tiie  slurry  is  filtered 
to  remove  moisture  and  the  water  is  either  re-used  in  the 
bioreactors,   or  treated  and  discharged. 

In  the  solid-phase  technology,  soils  are  spread  on  an 
impervious  treatment  pad  to  a  depth  of  about  30  cm. 
Frequent  tilling  of  the  soils  introduces  oxygen  arxl  promotes 
mixing  of  microorganisms  and  soil  particles.  Nutrients  and 
moisture  are  applied  by  spraying  or  spreading  and  are  tilled 
into  the  soil 

TECHNOLOGY  DEMONSTRATION   SUMMARY 

Bench-scale   treatability  stucfies  were  performed   using  ttuee 
different  types  of  contaminaled    soils  from  the  Pacific  Place 
site.    Before  establishing   bench-scale   shiny  and  soOd-phasa 
reactors,  the  indivklual  sofl  samples  were  homogenized    and 
sieved. 

The  12  week  bench-scale  sluny-phase  ^tssting  was  performed 
using  20-Otre  siwiy  reactors.  Indigenous,  nutrient  amended 
and  control  reactors  were  established.  Reactors  were 
amended  with  nutrients  and  ad^ed  for  pH  at  tfie  beginning 
and  at  intenrals  throughoiA  the  study.  The  initial  sofids  toadbig 
was  20%.  Air  was  pumped  into  the  shniy  reactors  for  mixing 
and  aeration. 

The  16-week,  bench-scale,  soGd-pfiase  testing  was  conducted 
using  polypropylene  pans  containing  2  to  3  kg  of  soil  A  ster3e 
control  pan  and  an  indigenous  pan  were  estabfished  for  each 
sample  type.  The  soils  were  watered  and  tffied  weekly. 
Nutrient  amendments  were  made  at  the  start  of  testing. 

Soils  and  slurries  were  sampled  at  intervals  during  the 
treatment  programs  and  tested  for  PAHs.  chlo(opherx>ls,  oil 
and  grease,  and  metals.    Treatment  goals  for  evaluating  the 


reduction  of  organic  contaminants  were  based  on  the  British 
Columbia  Standards  for  Managing  Contamination  from  the 
Pacific  Place  Site. 

A  solid-phase    mass  balance   study  was  also  performed    and 
invotved    three   parts:     a  substrate    removal    study;   a  volatile 
emissions  study;  and  a  mineralization   study  using  radio4abelled 
compourxis   CcJI'CP  or  phenanthrene). 

DEMONSTRATION    RESULTS 

A  summary  of  treatment  results  compared  to  hitial  soil 
concentrations  and  treatment  goals  is  provided  in  the  table.  The 
following  are  the  key  findings: 

Slurry-Phase  Studes 

•  The  overall    reduction    in  total   PAH  concentrations     in  all 
samples  was  less  than  53%.    Rapid  reduction  was  seen  in 
the  first  six  weeks   of  the  study,   but  later  concentrations 
appeared  to  increase. 

•  Total  chkxophend^    were  reduced   by  about  76%  after  12 
weeks  of  treatment 


Reductions  in  total  chk)ropherK>is  ranged  from  zero  to  74%. 
Net  similar  reductions  were  observed  in  the  s^MOtic  soil 
pans. 

Votalilization  of  PAHs  and  chtorophenols  was  not  aignlff- 
cant  Abiotic  kisses  other  than  volatilization  appeared  to 
account  for  most  of  the  reductions  in  organic  compourvls. 

Solid-phase  treatment  dkj  not  achieve  the  treatability  study 
goals. 


STATUS 

The  information  presented  in  this  summary  b  based  on  the 
vendor's  report  entitled  FmaJ  Report  for  TnatatUty  Testing  of 
Ex  Situ  Bioremecfabon  at  ttie  Pacific  Place  She,  Aaniediation 
Technoksgies,  Inc.,  June  1992;  and  atechnk»l  report  prepared 
by  Steams  &  Conrad  Engineers  to  be  published  under  the 
DESRT  program,  entitled  Technical  Summary  Report  For  the 
Pacific  Place  Project  Special  Waste  Tresdabitty  Study 
Program. 


•  Oil  arxj  grease  concentrations  were  reduced  by  between  87 
and  93%. 

•  The  treatment  goals  for  the  reduction  of  organic  contaminants 
were  not  achieved. 

Sofki-Phase   Studies 

•  Reduction  in  total  PAHs  ranged  from  zero  to  59%,  and  in 
some  cases  increased  concentrations  were  noted  at  the  end 
of  tfie  treatment  period. 
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-  PROJECT  SUMMARY  • 

SLURRY-PHASE  BIOREMEDIATION  PROJECT,  PACIFIC  PLACE  SITE 
CHEMICAL  WASTE  MANAGEMENT  OF  CANADA,  INC. 


INTRODUCTION 

In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowfed^  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provinciakenltorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated  sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  slurry-phase  bioremediatlon  process  developed 
by  Chemical  Waste  Management  of  Canada,  Inc.  A  study  using 
the  process  was  performed  by  the  vendor  and  vras  jointiy  funded 
by  Environment  Canada,  the  British  Columbia  Ministry  of 
Environment  Lands,  and  Parks,  and  the  Chemical  Waste 
Management  of  Canada,  Inc. 

SITE  HISTORY 

The  Pacific  Place  site  is  an  8Z5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columbia.  The  site  historically  housed  numerous 
industrial  facilities  including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  worics,  and  fuel  storage  and 
transfer  fectlities.  As  a  result  of  these  industiial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  polycydic 
aromatic  hydrocartx>ns,  chlorophenols,  cyanide,  heavy  metals, 
and  other  organic  and  inorganic  contaminants. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  b-eatability  study  of  several 
treatinenttechnologies  to  evaluate  their  effectiveness  forti'eating 
contaminated  soils  from  the  Pacific  Place  site.  The  technologies 
evaluated  included  thermal  extraction,  bioremediation,  and 
stabilization/solidification,  and  included  the  bioremediation 
process  developed  by  Chemical  Waste  Management  of  Canada, 
Inc.  The  DESRT  program  has  contiibuted  approximately  $1.13 
million  to  the  treatability  studies  carried  out  at  the  Pacific  Place 
site. 


TECHNOLOGY  DESCRIPTION 

Aerobic  slurry-phase  bioremediation  was  tested  in  this  study. 
In  slurry-phase  technology,  soils  are  screened  to  remove 
oversize  materials,  mixed  with  water  to  form  a  slurry,  and 
placed  into  a  reactor  or  series  of  reactors.  The  pH  is  adjusted 
and  nutrients  are  added  as  needed  to  the  reactor,  which  is 
continuously  aerated  and  stirred  to  promote  oxygenation  and 
contact  between  the  microorganisms  and  the  soil  particles. 
Inoculum  may  be  added  to  the  slurry,  or  indigenous 
microorganisms  already  present  in  the  soil  tieing  treated  may 
be  depended  upon  to  provide  biodegradation  when  stimulated 
by  optimum  conditions.  Upon  completion  of  treatment  the 
slurry  is  filtered  to  remove  moisture  and  the  water  is  either  re- 
used in  the  bloreactors,  or  treated  and  discharged. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

The  treatability  studies  were  performed  using  three  different 
types  of  contaminated  soils  from  the  Pacific  Place  site.  A  14- 
week  bench-scale  treatability  study  was  performed  using  75-L 
slurry  bioreactors.  Bioaugmented,  txostimulated,  and  control 
reactors  were  established  for  each  soil  type.  A  volatilization 
(flask  headspace)  study  was  also  performed  to  evaluate  the 
effects  of  atuotic  losses  of  contaminants  due  to  volatilization. 

Before  setting  up  the  bioreactors,  the  samples  of  each  soil 
type  were  homogenized  in  a  small  cement  mixer.  Samples 
were  analyzed  for  physical  and  chemical  characteristics. 
Homogenized  samples  were  then  manually  sieved  through 
3/8"  sieves.  The  initial  soil  slurry  concentration  was  15% 
solkJs.  The  slumes  were  mixed  by  diffused  oxygen  and 
impeller  t>lades.  Nubients  were  added  to  the  reactors  at  the 
beginnir^  of  the  study.  The  reactors  were  monitored  and 
sampled  frequentiy  throughout  the  study.  Sluny  water  and 
filter  cakes  were  sampled  and  analyzed  at  the  conclusion  of 
the  study  to  detennine  compliance  with  effluent  standards  and 
soil  treatment  goals. 

Treatment  goals  for  evaluating  the  reduction  of  organic 
contaminants  were  based  on  the  British  Columt>ia  Standards 
for  Managing  Contamination  frism  the  Pacific  Place  Site. 

DEMONSTRATION  RESULTS 

A  sumiTKiry  of  treatment  results  compared  to  initial  soil 
concentrations  and  ti-eatinent  goals  of  selected  contaminants 
is  provkJed  in  the  table.  The  following  are  the  key  findings: 


Rapid  reductions  were  reported  in  PAH  concentrations  in  the 
first  three  weeks  of  the  study,  including  those  in  the  control 
reactors. 

Total  PAHs  were  reduced  by  an  average  of  94.5%  by  the 
end  of  the  study  In  the  biologically  active  bioreactors  in  two 
of  the  soil  types,  and  no  reduction  was  seen  in  the  third  soil 
sample.  Th^  bioaugmented  and  biostimulated  reactors 
generally  indicated  similar  performance.  Average  reductions 
of  70%  were  noted  in  the  sterile  control  reactors. 


STATUS 

The  information  presented  in  this  summary  is  based  on  ttie 
vendor's  report  entitled  Pacific  Place  Project  Treatability 
Technical  Study  for  British  Columbia  Hazardous  Waste 
Management  Corporation,  Chemical  Waste  Management  of 
Canada,  Inc.;  and  a  technical  report  prepared  by  Steams  & 
Conrad  Engineers  to  be  published  under  the  DESRT  program, 
entitled  Technical  Summary  Report  for  the  Padtjc  Place 
Project  Special  Waste  Treatability  Study  Program. 


•  Slightly  greater  reductions  were  reported  In  the  low  molecular 
weight  (2  and  3  ring)  PAHs  than  in  the  high  molecular  weight 
(4  and  5  ring)  PAHs. 

•  The  reductions  in  PAHs  and  total  extractat)le  hydrocarbons 
(TEH)  observed  in  the  control  reactors  and  the  results  of  the 
volatilization  study  indicate  that  most  of  the  reduction  of 
organic  contaminants  was  the  result  of  abiotic  losses,  other 
than  volatilization. 

•  Initial  concentrations  of  chlorophenols  were  much  lower  than 
expected.  A 


Project  Summary  prepared  by  Steams  &  Conrad  Engineers  for. 

DESRT  Program,  Technology  Oevelopinent  Branch 

Consemtion  &  Protection,  Environment  Cartada 
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Table  1    Summary  of  Test  Results 
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'  PROJECT  SUMMARY  - 

STABILIZATION/SOLIDIFICATION  PROJECT,  PACIFIC  PLACE  SITE 

NEWALTA  CORPORATION 


In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(COME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediatron 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-tenTtoriaJ      bilateral   agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated    sites. 

A  technology  selected  for  participation  in  the  DESRT  program 
was  a  stabilization/solidification  process  developed  by  NewaJta 
Corporation.  A  study  using  the  process  was  performed  by 
NewaJta  Corporation  and  was  jointly  funded  by  Environment 
Canada,  the  British  Columbia  Ministry  of  Environment,  Lands, 
and  Parks,  and  the  vendor. 

S/7E  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Varxxuver, 
British  Columbia  The  site  historically  housed  numerous 
industrial  facilities  Including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  works,  and  fuel  storage  and 
transfer  facilities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  potycydic 
aromatic  hydrocarbons,  chlorophenols,  cyanide,  heavy  metals, 
and  other  organic  and  Inorganic   contaminants. 

DESRT  SUPPORTED    WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technologies  to  evaluate  their  effectiveness  for  the 
treatment  of  contaminated  soils  from  the  Pacific  Place  site.  The 
technologies  evaluated  included  thermal  extraction, 
bioremediation,  and  stabilization/solidification,  as  well  as  the 
stabilization/solidification  process  developed  by  Newalta  The 
DESRT  program  has  contributed  approximately  $1.13  million  to 
the  treatability  studies  carried  out  at  the  Pacific   Place  site. 


TECHNOLOGY    DESCRIPTION 

The  stabilization  technology  used  by  Newalta  is  a  physical 
encapsulation  and  a  chemical  fixation  process  based  on  the 
use  of  Portland  cement  and  fly  ash.  The  technology  is  used 
for  immobilizing  soils,  ash,  or  sludges  contaminated  with 
leachable   metals. 

TECHNOLOGY   DEMONSTRATION    SUMMARY 

Bench-scale  treatability  studies  were  performed  using  soil 
samples  from  the  Pacific  Place  site.  For  the  treatability  study, 
Newalta  stabilized  two  types  of  waste;  a  soil  sample  con- 
taminated with  high  concentrations  of  metals  and  tow  concen- 
trations of  organics;  and.a  tailings  sample  consisting  of  treated 
soil,  baghouse  ash,  and  cyclone  solids  from  a  thermal 
extraction  process  (the  AOSTRA  Taciuk  Processor).  Both 
samples  were  contaminated  with  significant  concentrations  of 
leachable   lead. 

The  tailings  samples  were  collected  directly  from  the  thermal 
processor  and  were  not  further  homogenized  or  screened;  the 
soil  samples  were  homogenized  before  stabilization.  Four 
stabilization  formulations  were  initially  prepared  for  each 
sample  type.  After  ten  days,  the  samples  exhibiting  a 
compressive  strength  of  at  least  Z5  tonne/ft^  were  subjected 
to  leach  testing  to  determine  the  optimal  formulations.  A  1:1 
ratio  of  Portland  cement  and  fly  ash  was  used  to  stabilize  the 
soil  sample.  A  1:4  ratio  of  Portlar>d  cement  and  fly  ash  was 
used  for  the  tailings  sample.  The  samples  were  mixed  with 
the  stabilization  reagents,  poured  into  molds,  and  cured  for  56 
days.  Stabilized  samples  were  then  subjected  to  a  set  of  tests 
as  descn'bed   below. 

EVALUATION   CRfTERIA 

One  purpose    of  the  stabilization/solkJification      study   was  to 
determine     if    treated     material     could     be    "delisted"     as    a 
hazardous   (special)  waste.    In  order  to  determine  the  potential 
for  delisting,    the   B.C.    "Draft    Interim    Protocol    for   Delisting 
Special   Wastes   and  Residues"    was  used  for  evaluating    the 
effectiveness     of  the   treatment.      This    Protocol    establishes 
numerical  criteria  for  various  use  and  disposal  scenarios  which 
are;         unrestricted       utilization;      approved      utilization      (as 
determined    by  the  Ministry);    monofill   disposal;    and  sanitary 
landfill  disposal.     The  testing  protocols    included   the  foltowing: 


Total  Organic   Carbon   Content   (TOC) 

Equilibrium    Extraction    (7-day  leach) 
Sequential    Chemical    Extraction 
Dynamic    Leach  Test  (ANS/ANSI    16.1) 
Hydraulic    Conductivity 
Unconfined    Compressive    Strength 
Freeze/Thaw    or  Wet/Dry  Testing 
Acid  Neutralization    Capacity 


The  two  extraction  test  procedures  apply  to  unrestncted 
utilization  only,  and  are  performed  by  first  grinding  the  sample. 
The  remaining  tests  {except  TOC)  are  performed  on  monolithic 
(molded)  samples  and  are  used  to  evaluate  the  other  three 
scenarios. 

DEMONSTRATION    RESULTS 

Selected    results  of  testing   stabilized   samples   are  summanzed 
in  the  table.    The  following    are  the  key  findings   of  the  study: 

•  Neither  of  the  formulations  tested  in  this  treatability  study 
achieved  all  of  the  standards  necessary  to  allow  the 
stabilized  wastes  to  be  delisted  under  any  scenario,  due 
primarily  to  the  dynamic  leach  test  results  for  both  samples 
and  the  hydraulic  conductivity  of  the  stabilized  tailings 
sample. 

However,  the  dynamic  leach  test  teachability  indices  may 
have  been  calculated  incorrectly,  which  could  account  for  the 
poor  results. 


It  appears  that  both  stabilized    samples  would  achieve  the 
standards    to  allow  for  disposal    in  a  secure  special   waste 

landfill. 

A  33%    increase     in   volume    was    reported    for   both    the 
stabilized   soil  and  the  combined   tailings. 


STATUS 

The  information  presented  in  this  summary  is  based  on  the 
vendors  report  entitled  Treatability  Study  Report.  Pacific  Place 
Soils  Remediation  Project,  June,  1992;  and  a  technical  report 
prepared  by  Steams  &  Conrad  Engineers  to  be  published 
under  the  DESRT  program,  entitled  Technical  Summary 
Report  for  the  Pacific  Place  Project  SpedaJ  Waste  Treatability 
Study  Program. 


Project  Summary  prepared  by  Steams  &  Conrad  Engineers  for: 

DESRT  Program,  Technology  Development  Branch 

Conservaton  &  Protection,  Environment  Canada 

HuU,  Quebec   K1A  0H3 

In  cooperation  with: 
British  Columbia  Ministry  of  Environment,  Lands  &  Parte 

For  further  information  contact: 
G  Hardy.  Environment  Canada  (819)  953-0962 
B.  Ferguson,  B.C.  Environment  (604)  356-6027 


Table  1     Summary  ot  Test  Results 


Test 

R«strit» 

O^isttng  Standards 

Untre^ed 
Soil 

Std>ilized, 

Thenai.  Treat 

TaiBnqs 

Approved 
Utilization 

Santtary 
LandSlI 

MonofiR 
LandffB 

Total  Organic  Carbon  (%) 

4.9 

2.6 

10 

NS 

NS 

Hydraulic  Conductivity  (m/sec) 

6.2  X  ia" 

1.2x10^ 

<1(r 

<10^ 

•clff" 

Unconfined  Compressive  Strength 
(k^a) 

6070 

3877 

350 

3500 

350 

Freeze/Thaw  {%  wt  loss) 

0.3 

0.6 

<10 

<10 

<10 

Acid  Neutralization  Capacity 
(eq/kg  to  pH  9) 

>2.0 

>1.6 

>1 

>1 

>1 

E>ynainic  Leach  Test 
(leachability  index) 

>7(D 

>?" 

>9 

>8 

>8 

'"  Results  for  the  following  metals  were  reported:  Ba,  Cu,  Sn,  Zn. 

■^  Resurts  for  tt>e  following  metals  were  reported:  Ba,  Or,  Sn,  Zn. 

NS  =  No  Standard 

NT  =  Not  Tested 
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INTRODUCTION 


\ 


In  1989,  the  Canadiaijj  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-temtorial      bilateral  agreements. 

The  DESRT  (Devetopment  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated   sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  stabilization/solidification  process  developed  by 
Bennett  Remediation  Services.  A  study  of  the  technology  was 
performed  by  Bennett  Remediation  Services  and  was  jointly 
funded  by  Environment  Canada,  the  British  Columbia  Ministry  of 
Environment,    Lands,  and  Parks,  and  the  vendor. 

SfTE  HISTORY 

The  Pacific  Place  site  is  an  8Z5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columbia.  The  site  historically  housed  numerous 
industrial  facilities  including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  works,  and  fuel  storage  and 
transfer  facilities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  polycyclic 
aromatic  hydrocartxjns,  chlorophenols,  cyanide,  heavy  metals, 
and  other  organk:  and  inorgank:  contaminants. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technologies  to  evaluate  their  effectiveness  for  treating 
contaminated  soils  from  the  Pacific  Place  site.  The  technologies 
evaluated  included  themial  extraction,  bioremediation,  and 
stabilizatbn/solklification,  and  as  well  as  the  stabilization/ 
solidification  process  developed  by  Bennett  Remediation 
Sennces.  The  DESRT  program  has  contributed  approximately 
$1.13  million  to  the  treatability  studies  carried  out  at  the  Pacific 
Place  site. 


TECHNOLOGY  DESCRIPTION 

The  stabilization    technology    used   by  Bennett    Remediatkin 
ServKes  for  this  study  was  intended   to  immobilize    irx>rganic 
contaminants.     The  technology    involved   the  use  of  Portland 
cement    The  addition  of  fly  ash  and  an  aluminosilicate    were 
also  evaluated. 

TECHNOLOGY  DEMONSTRATION    SUMMARY 

A  bench-scale    treatability    study   was   performed    using    soil 
samples  from  the  Pacific  Place  site  that  were  contaminated 
with  high  concentratk>ns    of  metals  and  k>w  concentrations    of 
organks. 

For  the  treatability  study,  the  vendor  stabilized  a  soil  sample 
that  was  first  incinerated  in  the  laboratory.  Samples  were  first 
sieved  with  a  #4  sieve,  then  heated  in  a  laboratory  oven  at 
371  'C  until  the  weight  loss  was  negligible.  Several  samples 
were  processed  to  produce  approximately  1 0  kg  of  sample  for 
stabilization   testing. 

Six  stabilization  formulations  were  initially  selected  for  testing. 
The  fonnulatbns  consisted  of  soil  mixed  with  varying 
percentages  of  Type  1  Portland  cement,  fly  ash,  arxi/or  an 
aluminosilicate.  Following  leaching  and  diffusion  testing,  two 
optimal  fomfiulatbns  were  selected  for  further  evaluatk>n:  soil 
mixed  with  10%  cement  (Formula  1);  and  soil  mixed  with  10% 
cement  and  2%  aluminosilrcate  (Fomiula  2).  The  samples 
were  mixed  and  tamped  into  molds  for  curing.  After  curing, 
the  samples  were  subjected  to  a  set  of  tests  as  discussed 
below. 

EVALUATION  CRITERIA 

One  purpose  of  the  stabilization/solkiificatkjn  study  was  to 
detennine  if  treated  material  could  be  "delisted"  as  a 
hazardous  (special)  waste.  In  order  to  determine  the  potential 
for  delisting,  the  B.C.  "Draft  Interim  Protocol  for  Delisting 
Special  Wastes  and  ReskJues"  was  used  for  evaluating  the 
effectiveness  of  the  treatment  This  Protocol  establishes 
numerical  criteria  for  various  use  and  disposal  scenarios  which 
are:  unrestricted  utilization;  approved  utilizatkjn  (as 
determined  by  the  Ministry);  monofill  disposal;  and  sanitary 
landfill  disposal.    The  testing  protocols  included  the  foUowing: 

•  Total  Organic  Cartxjn  Content  (TOC) 

•  Equilibrium    Extraction   (7-day  leach) 

•  Sequential   Chemical   Extractbn 

•  Dynamk;  Leach  Test  (ANS/ANSI   16.1) 


•  Hydraulic   Conductivity 

•  Unconfined    Compressive    Strengtii 

•  Freeze/Thaw    or  Wet/Dry  Testing 

•  Acid  Neutralization    Capacity 

The  two  extraction  test  procedures  apply  to  unrestricted 
utilization  only,  ^d  are  performed  by  first  grinding  the  sample. 
The  remaining  tdsts  (except  TOC)  are  performed  on  monolithic 
(molded)  samples  and  are  used  to  evaluate  the  other  three 
scenarios. 

DEMONSTRATION    RESULTS 

Selected   results  of  testing  stabilized   samples  are  summarized 
in  the  table.    The  following   are  the  key  findings: 

•  Both  Formula   1  and  Formula  2  failed  to  meet  standards   for 
delisting    the   stabilized     ash  under    any   of   the   utilization 
scenarios     because     of   the  high    hydraulic     conductivities 
reported. 

•  Formula  1  appearod  to  satisfy  the  standards  for  disposal  in 
a  secure,  special  waste  landfill.  No  information  was  obtained 
for  determining    if  Formula  2  met  these  standards. 


•    The  vendor  reported  a  slight  decrease   in  volume  (over  the 
untreated   soil)  as  a  result  of  treatment. 

STATUS 

The  information  presented  in  this  summary  is  based  on  the 
vendor's  report  entitled  Pacific  Place  Soils  Remediation 
Project,  Treatability  Study  Phase,  Soil  Stabilization  Study, 
Volumes  III  and  IV,  June  1992;  and  a  technical  report 
prepared  by  Stearns  &  Conrad  Engineers  to  be  published 
under  the  DESRT  program,  entitled  Technical  Summary 
Report  for  the  Pacific  Place  Project  Special  Waste  Treatability 
Study  Program. 
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Tablet 

Summary  of  Test  Results 

Test 

Results 

Delisfing  StfflHfards 

Fonmilal 

Formuta  Z 

Approved 
iMizatiofl 

Sanitary 
Landtill 

Monofiff 
Landgjt 

Total  Organic  Carbon  (%) 

0.7 

0.7 

10 

NS 

NS 

Hydraulic  Conductivity  (m/sec) 

3.0  X 10^ 

5.5  X  10^ 

<^<r• 

<10^ 

<ia' 

Unconfined  Compressive  Strength 

(kM 

' ' 

4304 

9309 

350 

3500 

350 

Freeze^Thaw  (%  wt  loss) 

<1 

<1 

<10 

<10 

<10 

Acid  Neutralization  Capacity 
(eq/kg  to  pH  9) 

1.6 

1.3 

>1 

>1 

>1 

Dynamic  Leach  Test 
(leachabilityjndex) 

>9'" 

SS" 

>9 

>8 

>8     ; 

"        Results  for  tt>e  followina  metals  were  reported:  Ba,  Pb.  ANSI/ANS  16.1  method  not  used  by  vendor. 
'^        Results  were  reported  for  Ba  only.  ANSI/ANS  16.1  method  not  used  by  vendor. 


NS  =  No  Standard 
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STABILIZATION/SOLIDIFICATION  PROJECT,  PACIRC  PLACE  SFTE 
WASTE  STREAM  TECHNOLOGYAWASTECH,  INC. 


INTRODUCTION 

In  1989,  the  Canadi^  Coundl  of  Ministers  of  the  Environment 
(CCME)  acknowiediged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada  In  response  to  this  need,  CCME 
established  the  NationaJ  Contaminated  SKes  Remediation 
Program  (NCSRP),  which  is  supported  arxl  administered  through 
federal-provindaMemtoria]      bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 
with  Hidustry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated    sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  stabilization/solidification  pnxess  devebped  by 
Wastech,  Inc.  A  study  using  that  process  was  performed  by 
Waste  Stream  Technology  in  association  with  Wastech,  and  was 
jointly  funded  by  Environment  Canada,  the  British  Columbia 
Ministry  of  Environment.    Lands,  and  Parks,  and  the  vendors. 

SHE  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  -Creek  in  Varxxjuver, 
British  Columbia.  The  site  historically  housed  numerous 
industrial  fadl'ities  irx:iuding  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities',  metal  works,  and  fuel  storage  and 
transfer  fadTrties.  As  a  result  of  tfiese  industrial  activities,  some 
areas  of  the  Paafic  Place  site  are  contaminated  with  poiycydic 
aromatic  hydnscarbons,  chbrophenols,  cyanide,  heavy  metals, 
and  other  organic  and  inorganic  contaminants. 

DESRT  SUPPORTED    WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technologies  to  evaluate  their  effectiveness  for  treating 
corttaminated  soils  from  the  Pacific  Place  site.  The  technotogies 
evaluated  included  thermal  extraction,  bioremedialion.  and 
stabilization/solidification,  as  well  asthe  stabifization/solidification 
process  developed  by  Wastech.  The  DESRT  program  has  con- 
tributed approximately  $1.13  million  to  the  treatability  studies 
carried  out  at  the  Pacific  Place  site. 

TECHNOLOGY  DESCRIPTION 

Wastech's.  stabifization   technokjgy   uses  proprietary   bonding 


reagents  (SuperSet®)  to  fix  contaminants,  and  fly  ash  and 
Portland  cement  to  prjvide  a  binder  matrix  This  process 
produces  a  dense,  closed  cell  grout  with  calcium-silicate 
hydrogels.  The  process  uses  standard  engineering  and 
construction  practices  to  prepare  the  material  and  mbc  it  with 
the  reagents.  It  can  be  appOed  to  excavated  soils  or  used  for 
in-situ  applications. 

TECHNOLOGY   DEMONSTRATION    SUMMARY 

The  bench-scale  treatability  study  was  performed  using  soil 
samples  contaminated  with  high  concentrations  of  metals  and 
low  concentrations    of  organics  from  the  Pacific  Place  site. 

Bdore  stabilizing  the  soil,  it  was  screened  and  sieved  to 
detemilne  partide  size  distrt}ution  and  chemical  and  physical 
analyses  were  performed  on  the  sample. 

About  18  different  combinations  of  reagent/binder/sample 
mixes  were  generated  for  preliminary  testing.  From  these, 
several  formulations  were  selected  for  further  evaluation.  New 
samples  were  prepared  and  allowed  to  cure  for  two  days. 
Samples  that  indicated  apenetratun  resistance  of  greater  than^ 
4826  kPa  were  selected  for  leachale  testing  using  the  U.S. 
EPA  Toxicity  Characteristic  Leaching  Procedure  (TCLP). 
These  data,  as  well  as  implementafaility  and  cost  were  used 
to  optimize  the  final  formulation  which  used  a  ratio  of 
a^jroximatety  5  parts  of-soil.  1  part  water  mixed  with 
Superset®,   and  3  parts  birxler  material 

EVALUATION   CRITERIA 

One  purpose  of  the  stabffization/soridification  study  was  to 
determine  if  treated  material  could  be  'delistecT  as  a 
hazardous  (special)  waste.  In  order  to  determine  the  potential 
for  defisting,  the  B.C.  "Draft  Interim  Protocol  for  Delisting 
Special  Wastes  and  Residues'  was  used  for  evaluating  the 
effectiveness  of  the  treatment  This  Protocol  establishes 
nianerical  criteria  for  various  use  and  disposal  scenarios  which 
are:  unrestricted  utifization;  approved  utilization  (as 
determined  by  the  Ministry);  monofill  disposal;  and  sanitary 
landfill  disposal.    The  testing  pnitocols  induded   the  following: 


Total  Organic  Carbon  Content  (TOC) 
Equiltorium   Extradion   (7-day  leach) 
Sequential   Chemical   Extractkin 
Dynamic  Leach  Test  <ANS/ANSI   16.1) 
Hydraufic  Conductivity 
Unconfined   Compressive   Strength 
Freeze/TTiaw   or  Wet/Dry  Testing 
Add  Neutralization    Capacity 


The  two  extraction  test  procedures  apply  to  unrestricted 
utilization  only,  and  are  performed  by  first  grinding  the  sample. 
The  remaining  tests  (except  TOC)  are  perfomied  on  monolithic 
(molded)  samples  and  are  used  to  evaluate  the  other  three 
scenarios.  f 

DEMONSTFAVON    RESULTS 

Selected  results  of  testing  stabilized  samples  are  summarized 
in  the  table.    The  following  are  the  key  findings  of  the  study: 

•  The  treated  sample  appeared  to  satisfy  the  standards  to 
allow  delisting  under  the  sanitary  landfill  and  monofill 
utilization   scenarios. 

•  The  standards  for  the  approved  scenario  were  achieved 
except  for  the  hydraulic  conductivity  results,  which  slightly 
exceeded   the  standard. 

•  Because  alternative  testing  methods  were  used  by  the  vendor 
and  no  replicate  ^^sting  was  performed,  these  data  were  not 
adequately  verified  in  this  study  and  additional  testing  would 
be  required  to  confirm  this  coriclusion. 


•    A  19%  increase  in  the  volume  of  the  stabilized   sample  was 
reported. 

STATUS 

The  Infonnation  presented  in  this  summary  is  based  on  the 
vendor's  report  entitled  Treatability  Stixfy  for  StabiBza- 
don/Fixation  of  Contaminated  Soils  at  the  Pacific  Place  Site  in 
Brit'sfj  Columbia,  Canada,  revised  July  27,  1992.  and  a 
technical  report  prepared  by  Steams  &  Conrad  Engineers  to 
be  published  under  the  DESRT  program,  entitled  Technical 
Summary  Report  for  the  Pacific  Place  Project  Special  Waste 
Treatability  Study  Program. 
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B.  Ferguson.  B.C.  Environment  (604)  356-6027 


Table  1     Summary  of  Teat  Rasults 

T««ft 

Retuit 

Oefistinq  Standards 

Iftiization 

Sanitary 
Landtai 

MonofiR 
LandtiB 

Total  Organic  Cari>on  (%) 

MT 

10 

NS 

NS 

Hydraulic  Conductivity  (m/»«c) 

1.9  X  i<r 

<10^ 

<10* 

<10* 

Unconfined  Compressive  Str«ngth 

fkPa) 

6503 

350 

3500 

350 

FreezoTThaw  (%  wt  loss) 

4.0 

<10 

<10 

<10 

Acid  NoutraJization  Capacity 
(eq/kq  to  pH  9) 

1.6 

>1 

>1 

>1 

Dynamic  Loach  Test 
1                  (reachability  index) 

>9<ii 

>9 

>8 

>8 

'"        Results  for  the  following  metals  were  reportad:  As,  Ba,  Cr.  Cu,  Pb,  Hg,  Ni,  Sn,  Zn. 
NS=  No  Standard 
NT-  Not  tasted 
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-  PROJECT  SUMMARY  - 

STABILIZATION/SOLIDIFICATION  PROJECT,  PACIFIC  PLACE  SITE 
CHEMICAL  WASTE  MANAGEMENT  OF  CANADA,  INC. 


^INmODUCTION 

'  In  1989,  the  Canadiao  Council  of  Ministers  of  the  Environment 
(CCME)  acknowted^  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  In  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-territorial  bilateral  agreements. 

iThe  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  Is  a  "component  of  NCSRP. 
It  v/as  established  to  address  the  NCSRP  objective  of  working 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated  sites. 

'  An  innovative  technology  selected  for  participation  in  the  DESRT 
'  program  was  a  stabilization/solidification  process  developed  by 
Chemical  Waste  Management  of  Canada,  Inc.  A  study  using 
the  process  was  performed  by  the  vendor  and  was  jointly  funded 
by  Environment  Canada,  the  British  Columbia  Ministry  of 
Environment  Lands,  and  Parks,  and  Chemical  Waste 
Management  of  Canada,  Inc. 

SITE  HISTORY 

The  Pacific  Place  site  is  an  8Z5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columtna.  The  site  historically  housed  numerous 
industrial  facilities  including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  worics,  and  fuel  storage  and 
transfer  facilities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  polycyclic 
aromatic  hydrocart>ons,  chlorophenols,  cyanide,  heavy  metals, 
and  other  organic  and  inorganic  contaminants. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technologies  to  evaluate  their  effectiveness  for  treating 
contaminated  soils  from  the  Pacific  Place  site.  The  technologies 
evaluated  included  thermal  extraction,  bioremediation,  and 
stabilizatiort/soiidifi  cation,  as  wellas  the  stabilization/solidification 
process  developed  by  Chemical  Waste  Management  of  Canada, 
Inc.  The  DESRT  program  has  contributed  approximately  $1.13 
million  to  the  treatability  studies  carried  out  at  the  Pacific  Place 
site. 


TECHNOLOGY  DESCRIPTION 

Chemical  Waste  Management  develops  custom  stabilization 
formulations  on  a  waste-specific  tiasis.  in  general,  the 
technology  uses  Portland  cement  pozzolans,  and  various 
combinations  of  these  reagents.  Minor  additives  are  often 
used  to  promote  setting  and  curing. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

Bench-scale  treatability  studies  were  performed  using  soil 
samples  from  the  Pacific  Place  site  that  were  contaminated 
with  high  concentrations  of  metals  and  low  concentrations  of 
oiganics. 

Initially,  numerous  soil-stabilizing  fonnulations  were  mixed  in 
small  t)atches,  cured,  then  tested  using  a  chemical  extraction 
process  to  evaluate  leaching  from  a  ground  sample  of  the 
stat)ilized  material.  Four  variations  of  the  formulation  found  to 
be  successful  in  the  initial  screening  process  were  then  used 
to  optimize  the  fomiulation  and  minimize  reagent  usage  and 
reaction  time.  The  optimal  formulation  was  ap>proximately  10 
kg  of  soil  mixed  with  water  at  a  mix  ratio  of  0.1  and  Portland 
cement  at  a  mix  ratio  of  0.25.  After  mixing,  the  samples  vrere 
placed  in  molds.  Half  of  the  samples  were  cured  for  28  days, 
the  other  half  for  56  days  to  compare  the  effect  of  curing  time 
on  performance.  Cured  samples  were  then  subjected  to  a 
series  of  tests  as  discussed  t>elow. 

EVALUATION  CRITERIA 

One  purpose  of  the  stabilization/solkjification  study  was  to 
determine  if  treated  material  could  be  "delisted"  as  a 
hazardous  (special)  waste.  In  order  to  determine  the  potential 
for  deTisting,  the  B.C.  "Draft  Interim  Protocol  for  Delisting 
Special  Wastes  and  Residues"  was  used  for  evaluating  the 
effectiveness  of  the  treatinent  This  Protocol  establishes 
numerical  criteria  for  various  use  and  disposal  scenarios  which 
are:  unrestiicted  utilization;  approved  utilization  (as 
determined  by  the  Ministry);  monofill  disposal;  and  sanitary 
landfill  disposal.  The  testing  protocols  included  the  following: 


Total  Organic  Cart>on  Content  (TOC) 
Equilit>rium  Extraction  (7-day  leach) 
Sequential  Chemical  Extraction 
Dynamic  Leach  Test  (ANS/ANSI  16.1) 
Hydraulic  Conductivity 
Unconfined  Compressive  Strength 
Freeze/Thaw  or  Wet/Dry  Testing 
Acid  Neutralization  Capacity 


The  two  extraction  test  procedures  apply  to  unrestricted 
utilization  only,  and  are  performed  by  first  grinding  the  sample. 
The  remaining  tests  (except  TOC)  are  perfonmed  on  monolithic 
(molded)  samples  and  are  used  to  evaluate  the  other  three 
scenarios. 

DEMONSTRATION  RESULTS 


IQN  , 


Selected  results  of  testing  solidified  samples  are  summarized  in 
the  table.  The  following  are  the  key  findings  of  the  study: 

•  The  formulation  cured  for  56  days  met  the  standards  for 
delisting  under  the  approved  and  monofill  utilization 
scenarios.  The  option  for  sanitary  landfill  disposal  was  not 
completely  evaluated  because  the  vendor's  equipment  did  not 
allow  measurement  of  sufficiently  high  compressive  strength. 

•  The  samples  cured  for  28  days  failed  the  freeze/thaw  test  for 
all  scenarios. 

•  Both  formulations  appeared  to  satisfy  standards  for  disposal 
in  a  secure  specii^  waste  landfill. 


•   An  average  increase  in  the  volume  of  the  stabilized  sample 
was  approximately  11%. 

STATUS 

The  information  presented  in  this  summary  is  based  on  the 
vendor's  report  entitled  Pacific  Place  Project  Treatability 
Technical  Study  for  British  Columbia  Hazardous  Waste 
Management  Corporation,  June  1992;  and  a  technical  report 
prepared  by  Steams  &  Conrad  Engineers  to  be  published 
under  the  DESRT  program,  entiUed  Technical  Summary 
Report  for  the  Pacific  Place  Project  Spea'al  Waste  Treatability 
Study  Program. 


Project  Summary  prepared  by  Steam*  &  Conrad  Engineer*  for 

DESRT  Program,  Technology  Development  Bnnch 

Conservation  &  Protection.  Environment  Canada 

Hun.  Quebec    K1A0H3 

In  cooperation  vnth: 
British  Columbia  Minlstiy  of  Environmerrt,  Lands  &  Parks 

For  further  information  contact 
G.  Hardy.  Environment  Canada   (819)  953-0962 
B.  Ferguson,  B.C.  Environment  (604)  356-6027 


Table  1.    Summary  of  Test  Results 
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Total  Organic  Carbon  (%) 

1.6 

4.3 

10 

NS 

NS 

Hydraulic  Conducthrity  (m/sec) 

3X10-* 

SxlO-* 

<io- 

<io- 

<io- 

Unconrined  Compressive  Strength 
(kPa) 

2650 

>2650 

350 

3500 

350 

Freeze/Thaw  (S  wt  k>ss) 

30.7 

2.3 

<10 

<10 

<10 

WeUDry  (S  wt  foss) 

<0 

<0 

AcM  Neutralization  Capacity 
(eq/kg  to  pH  9) 

>4.5 

>4 

>1 

>1 

>1 

Dynamic  Leach  Test 
(teachability  index) 

>9" 

>9" 

>9 

>s 

>8 

^        Results  for  the  foHowing  metals  were  reported:  As.Ba,  Cd,  Cr,  Cu,  Pb,  Nl,  Zn. 
NS  =  No  Standard 
NT=  Not  Tested 


DISCLAIMER/REVIEW  NOTICE 

This  document  has  been  reviewed  by  the  Technology  Development  Branch  of  Environment  Canada.  The  contents  do  not  necessarily  reflect 
the  views  and  policies  of  agencies  represented  by  DESRT.  Mention  of  trade  names  orcommerclal  products  does  not  constitute  recommendation 
or  endorsement  for  use. 


M^^^i^U     Fnvironment      Fnvimnnemfint 


EnvironiTient. 


DESRT 


Development  and 
Demcnstration  of  Site 
l^emediaticn  Tectinolofiy 


I 

1  ■ 


-PROJECT  SUMMARY - 

STABILIZATION/SOLIDIFICATION  PROJECT,  PACIFIC  PLACE  SITE 

OGDEN  ENVIRONMENTAL  SERVICES/CHEMFIX  TECHNOLOGIES,  INC. 

BRITISH  COLUMBIA 


INTRODUCTION 

^  In  1989,  the  Canadiaf^  Council  of  Ministers  of  the  Environment 
(CCME)  acknowle^ed  the  need  for  a  consistent  national 
approach  for  the  pnoritization  and  remediation  of  high  risl< 
contaminated  sites  in  Canada.  In  response  to  this  need,  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federai-provincial-tenritorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  is  a  component  of  NCSRP. 
It  was  established  to  address  the  NCSRP  objective  of  working 
with  industry  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  of 
contaminated  sites. 

I 

>  An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  stabilization/solidification  process  developed  by 
Chemfix  Technologies,  Inc.  A  study  using  the  process  was 
performed  by  Ogden  Environmental  Services  in  association  with 
Chemfix,  and  was  jointiy  funded  by  Environment  Canada,  the 
British  Columbia  Ministry  of  Environment  Lands,  and  Parks,  and 
the  vendors. 

SITE  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columt)ia.  The  site  historically  housed  numerous 
industiial  fadlities  Including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  works,  and  fuel  storage  and 
transfer  facilities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  polycydic 
aromatic  hydrocartjons,  chlorophenols.  cyanide,  heavy  metals, 
and  other  organic  and  Inorganic  contaminants. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technologies  to  evaluate  their  effectiveness  fortreating 
contaminated  soils  from  the  Pacific  Place  site.  The  technologies 
evaluated  included  thermal  exti-action,  bioremediation,  and 
stabilization/solidification,  as  well  as  the  stabilization/ 
solidification  process  developed  by  Chemfix.  The  DESRT 
program  has  contributed  approximately  $1.13  million  to  the 
treatability  studies  carried  out  at  the  Pacific  Place  site. 


TECHNOLOGY  DESCRIPTION 

The  Chemfix  technology  is  designed  to  stabilize  and  solkiify 
metals  and  selected  organic  contaminants  in  soils,  Ik^ukjs,  and 
sludge.  The  technolc^  uses  proprietary  calcium  and  poly- 
silicate-based  reagents  (CHEMSET).  organic  bonding 
reagents,  and  precipitating  agents.  Water  is  added  as 
necessary  and  reagent  combinations  and  proportions  are 
optimized  for  each  waste  stream.  The  Chemfix  treatment 
system  is  a  mobile  unit  consisting  of  a  feed  system. 
honK)genizer  (for  mixing  reagents),  and  pug  mill. 

TECHNOLOGY  DEMONSTRAVON  SUMUARY 

A  bench-scale  treatability  study  was  performed  using  soil 
samples  contaminated  with  high  concentrations  of  metals  and 
low  concentrations  of  organics  from  the  Pacific  Place  site. 

For  the  treatability  study,  the  vendor  stabilized  a  soil  sample 
that  was  first  incinerated  in  the  latx)ratory  in  a  spouting  bed 
combustor.  Following  the  incineration,  laboratory  analyses 
indicated  that  lead  exceeded  allowable  leachate  standards, 
therefore  requiring  stabilization.  Before  processing,  the  soil 
was  screened  to  pass  through  a  1/B  inch  diameter  screen  and 
blended.  The  latx)ratory-incinerated  soils  were  provkled  to 
Chemfix  for  the  stabilization  process.  The  .samples  were 
stabilized  using  a  soluble  silicate  process,  andwere  tested  by 
Ogden  at  a  conti^cted  laboratory. 

Initially,  three  statxlization  formulations  were  selected  for 
evaluation  using  the  U.S.  EPA  Toxicity  Characteristic  Leaching 
Procedure  (TCLP).  A  final  formulation  was  selected  for  furttier 
evaluation  based  on  coast  effectiveness.  The  incinerated  soils 
were  mixed  with  the  stabilizing  reagents,  placed  into  mokis 
and  allowed  to  cure  for  14  days  t>efore  further  testing. 

EVALUATION  CRITERIA 

One  purpose  of  the  stabilization/solkJification  study  was  to 
determine  if  treated  material  coukl  be  "delisted"  as  a 
hazardous  (special)  waste.  In  order  to  determine  the  potential 
for  delisting,  the  B.C.  TDraft  Interim  Protocol  for  Dellstir>g 
Special  Wastes  and  Residues"  was  used  for  evaluating  the 
effectiveness  of  the  treatment  This  Protocol  establishes 
numerical  criteria  for  various  use  and  disposal  scenarios  which 
are:  unrestiicted  utilization;  approved  utilization  (as 
determined  by  the  Ministry);  monofill  disposal;  and  sanitary 
landfill  disposal.  The  testing  protocols  included  the  following: 


•  Total  Organic  Caitwn  Content  (TOC) 

•  Equilibrium  Extraction  (7-day  leach) 

•  Sequential  Chemical  Extraction 

•  Dynamic  Leach  Test  (ANS/ANSI  16.1) 

•  Hydraulic  ConductivFty 

•  Unconfined  Compressive  Strength 

•  Freeze/Thawijr  Wet/Dry  Testing 

•  Acid  Neutralisation  Capacity 

The  two  extraction  test  procedures  appty  to  unrestricted 
utilization  only,  and  are  performed  t^  first  grinding  the  sample. 
The  remaining  tests  (except  TOC)  are  performed  on  monolithic 
(molded)  samples  and  are  used  to  evaluate  the  other  three 
scenarios. 

DEUONSTRAT10N  RESULTS 

Selected  results  of  testing  8tat>ilized  samples  are  summarized 
in  the  table.  The  following  are  the  key  findings: 

•  The  stabilization  formulation  used  in  this  study  tailed  to  meet 
standards  for  (^listing  the  stabilized  material  under  the 
unrestricted  and  ^'approved"  utilization  scenario. 

•  The  formulation  used  appeared  to  satisfy  the  standards  for 
delisting  the  material  under  the  sanitary  and  monofiil  landfill 


scenarios.  However,  due  to  limited  analytical  testing,  this 
is  a  tentative  conclusion  and  furtt>er  confirmatory  testing 
would  t>e  required. 


STATUS 

The  information  presented  in  this  summary  is  based  on  the 
vendor's  report  entitled  Pacific  Place  Treatability  Study,  June, 
1992;  and  a  technical  report  prepared  by  Stearro  &  Conrad 
Engineers  to  be  published  under  the  DESRT  program,  entitled 
Technical  Summary  Report  for  the  Pacific  Placa  Project 
Special  Waste  Treatability  Study  Program. 


Projtct  Summary  pmpartd  by  Stsanw  &  Conrmd  Engirwcrs  for 

DESRT  Progmm,  Technofogy  DevelopriMnt  Bnnch 

Corwarvation  &  Pretaction,  Environment  Canada 

Hul.  QiMbM    K1A0H3 

In  cooparation  wlh: 
BrUah  Columbia  Mtniatry  of  Envlronmant,  Landa  &  Parka 

For  Further  Information  Contact 
L  Kaler.  Environment  Canada  (819)953-0962 
B.  Ferguaon,  B.C.  EnvirDnment  (604)  356-6027 


Table  1.    Summary  of  Teat  ReauKs 
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Total  Organic  Cart>on  (%) 

NT 

10 

NS 

NS 

Hydraulic  Conductivity  (m/sec) 

4x  lO-* 

<io- 

<10* 

<io-' 

Unconrmed  Compreaalve  Strength 
(ItPa) 

SS87 

S50 

S800 

sso 

FreezeTThaw  (%  wt  loaa) 

^J9 

<10 

<10 

<10 

Acid  Neutralizatfon  Capacity 
(eqflco  to  pH  8) 

6000 

>1 

>1 

>1 

Dynamic  Leach  Teat 
(ieachability  bidex) 

NC" 

>8 

>8 

>8 

"*        LeachabHy  indices  were  not  caicutated;  incorrect  method  used. 
NC  «  Not  caicuiated 
NS  K  No  Standard 
NT«  Not  Tested 
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•  PROJECT  SUMMARY  • 

STABILIZATION/SOLIDIFICATION  PROJECT,  PACIFIC  PLACE  STTE 
BOVAR  ENVIRONMENTAL  SERVICES/CHEM-SECURrTY  LTD. : 


IffWODUCTtON 

In  1989.  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  mbritization  and  remediation  of  high  risk 
corrtaminated  sites  in  Canada  In  response  to  this  need.  CCME 
estabfished  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federali)rDvincial-temtorial     bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remedia- 
tion Technology)  program  is  a  component  of  NCSRP.  It  was 
estabfished  to  address  the  NCSRP  objective  of  working  with 
industry  to  stimulate  the  development  and  demonstration  d  new 
arxl  innovative  technologies  with  the  potential  to  resolve 
problems  that  are  critical  to  ihe  environmental  remediation  of 
contaminated   sites. 

An  bmovative  technology  selected  for  participation  in  the  OESRT 
program  was  a  stabilization/solidification  process  developed  by 
Bovar  Environmental  Services.  A  study  using  the  technok)gy 
was  performed  by  Chem-Security  Ltd.  in  association  with  Bovar, 
arxi  was  jointly  funded  by  Environment  Canada,  the  British 
Columbia  Ministry  of  Environment  Lands,  and  Parks,  and  the 
vendors. 

SITE  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
tocated  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columbia  The  site  historically  housed  numerous 
industrial  facilities  including  manufactured  gas  plants,  rail  yards, 
wood  treatment  factfities,  metal  works,  and  fuel  storage  and 
transfer  facilities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Padfc  Place  site  are  contaminated  with  poiycycTic 
aromatic  hydrocarbons,  chk}rophenols,  cyanide,  heavy  metals, 
and  other  organic  and  inorganic  contaminants. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technok)gies  to  evaluate  their  effectiveness  for  treating 
contaminated  soils  from  the  Pacific  Place  srte.  The  technologies 
evaluated  included  thermal  extraction,  bioremediation,  and 
stabilization/solidification,  as  well  as  the  stabilization/solidification 
process  devek)ped  by  Bovar.  The  DESRT  program  has 
contributed  approximately  $1.13  million  to  the  treatability  studies 
carried  out  at  the  Pacific  Place  site. 


TECHNOLOGY  DESCRIPTION 


■-•V" 


The  Chem-Secwity/Bovar  technok)gy  uses  various  reagents 
for  stabilizing  inorganic  contamirwrts,  deperxfing  on  the 
characteristics  of  the  waste.  In  general,  Portland  cement  and 
proprietary  metal  stabilizers  (sodium  sScales)  fonn  the  basis 
of  the  technology.  Wastes  to  be  stabSzed  are  mixed  with 
reagents  and  allowed  to  cure  before  disposaL 

TECHNOLOGY  DEMONSTRATION    SUMMARY 

Bench-scale    treatability    studies   were  performed    using   soil 
samples  from  the  Pacifk:  Place  site  ttiat  were  contaminated 
with  high  concentrations    of  metals  and  tow  concentrattons    of 
organics. 

In  the  study,  the  soil  was  screened  through  100-  arxl  20-mm 
mesh  sieves,  dried,  and  homogenized  b^re  adding  the 
stabiizatton  reagents.  FbUowing  an  inUal  screening  process 
using  six  different  formulations,  the  optimum  weights  of  soil,  - 
cement,  and  admixtures  (an  approximate  ratio  of  one  part 
Portland  cement  and  stabilizers  and  two  parts  soil)  were 
combined  with  sufficient  water  to  make  a  cement  slurry.  The 
material  was  then  mixed  in  a  blerxier.  placed  in  mokis, 
tamped,  and  aDowed  to  cure  for  26  dtqfs.  Cured  samples 
were  subjected  to  a  series  of  tests  as  descri>ed  below. 

EVALUATION  CRITERIA 

One  purpose  of  ti>e  stabiTeation^soGcfification      study  was  to 
determine  if  treated  material  couU  be 'delisted*  as  a  hazard- 
ous (spectal)  waste.    In  order  to  determine  tfw  potential  for 
defisting,  the  B.C.  'Draft  Interim  Protocol  for  Oefisting  Special 
Wastes  and  Residues'  was  used  for  evaluating  the  effective- 
ness of  the  treatment     This  Protocol  establishes    numerical 
criteria  for  various   use  and  disposal   scenarios    whK^   are: 
unrestricted  utilization;  approved  utSization  (as  determined  by 
the  Ministry):  monofill  disposal;  and  sanitary  landfill  disposaL 
The  tasting  protocols  included  the  foflowing: 


Total  Organic  Cartion  Content  (TOC) 
EquDbrium   Extractton  C7-day  leach) 
Sequential  Chemical  Extraction 
Dynamic  Leach  Test  (ANS/ANSl   16.1) 
Hydraulic  Conductivity 
Unconfined  Compressive   Strength 
Freeze/Thaw   or  Wet/Dry  Testing 
Acid  Neutralization    Capacity 


The  two  extraction  test  procedures  apply  to  unrestricted 
utilization  only,  and  are  performed  by  first  grinding  the  sample. 
The  remaining  tests  (except  TOC)  are  performed  on  monolrthic 
(molded)  samples  and  are  used  to  evaluate  the  other  three 
scenarios. 

DEUONSTRATTON    RESULTS 


results    of 


Selected    results    of  the   stabilization/solidification      study   are 
reported  in  the  table  below.    The  following  are  the  key  findings: 

•  The  formulation   used  for  this  testing  program  did  not  meet 
standards  for  delisting  under  any  of  the  utilization  scenarios. 

•  The  formulation  would  have  achieved  standards  for  delisting 

urxler  an  'approved*   utilization  scenario,  except  for  the  poor 

freezeAhaw   test  results.   It  is  possble  that  the  poor  results 

-were  due  to  the  use  of  a  more  aggressive   test  procedure 

than  required. 

•  Treated  material  appears  to  meet  perfomnance  standards  for 
disposal  in  a  secure  chemical  waste  landfilL 


A  50%  increase  was  reported  in  the  volume  of  the  sample     ' 
following  stabilization   was  reported. 


STATUS 

The  information  presented  in  this  summary  is  based  on  the 
vendor's  report  entitled  Final  Report  fey  the  Traatabiity  Testing 
of  StaUSzabon  of  Pacific  Place  Soils,  June,  1992:  and  a 
technical  report  prepared  by  Steams  &  Conrad  Engineers  to 
be  pii)lished  under  the  DESRT  program,  entitied  Techncal 
Summary  Report  for  the  Pacific  Place  Project  Spedal  Waste 
TreatatiSty  Study  Program. 


Prpiect  Summary  prapaTBd  by  StMms  &  Comd  Er^fineerc  for 
OESRT  Program,  Technology  Ooveiopmant  Brsnch 
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•  PROJECT  SUMMARY  - 

THERMAL  EXTRACTION  PROJECT,  PACIFIC  PLACE  SITE 
CHEMICAL  WASTE  MANAGEMENT  OF  CANADA,  INC. 


In  1989,  the  Candk(ian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowll^ed  the  need  for  a  consistent  nationai 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need.  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-territorial      bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remedia- 
tion Technology)  program  is  a  component  of  NCSRP.  It  was 
established  to  address  the  NCSRP  objective  of  worWng  with 
industry  to  stimulate  the  development  and  demonstration  of  new 
and  innovative  technologies  having  the  potential  to  resolve 
problems  that  are  critical  to  the  environmental  remediation  d 
contaminated    sites. 

An  innovative  technology  selected  for  participation  in  the  DESRT 
program  was  a  thermal  extraction  process  developed  by 
Chemical  Waste  Management  of  Canada,  Inc.  A  project  using 
that  technology  was  jointly  funded  by  Environment  Canada,  the 
British  Columbia  Ministry  of  Environment,  Lands,  and  Parks,  and 
the  vendor. 

SrTE  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
located  along  the  north  shore  of  False  Creek  in  Vancouver, 
British  Columbia  The  site  historically  housed  numerous 
industrial  facilities  including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  worths,  and  fuel  storage  and 
transfer  facilities.  As  a  result  of  these  industrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  polycycic 
aromatic  hydrocartx3ns,  chlorophenols,  cyanide,  heavy  metais, 
and  other  organic  and  inorganic  contaminants. 

DESRT  SUPPORTED   WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technologies  to  evaluate  their  effectiveness  for  treating 
contaminated  soils  from  the  Pacific  Place  site.  The  technologies 
evaluated  included  themnal  extraction,  bioremedlation,  and 
stabifization/  solidification,  as  well  as  the  themial  extraction 
process  developed  by  Chemical  Waste  Management,  Inc.  The 
DESRT  program  has  contributed  approximately  $1.13  million  to 
the  treatability  studies  carried  out  at  the  Pacific  Place  site. 

TECHNOLOGY   DESCRIPTION 

The  XTRAX  system,  developed  by  Chemical  Waste  Manage- 
ment, Inc.,  is  a  low  temperature  thermal  separation   process  thai 


vaporizes  or  steam  strips  organic  compounds  from  soils  or 
sludges.  It  consists  of  an  externally  fired  rotary  dryer  and  gas 
treatment  system.  Operating  temperatures  average  about 
430  *C.  A  simplified  flow  diagram  of  the  X*TRAX  system  is 
provided  in  the  accompanying    figure. 

Nitrogen  is  used  as  a  carrier  gas  for  the  volatilized  organics 
which  are  transported  from  the  rotary  dryer  to  a  gas  treatment 
system.  The  gas  treatment  system  includes  a  spray 
tower/scrubber,  shell-and-tube  heat  exchangers  for  condensing 
the  gases,  and  two  activated  cartxsn  filters  for  treating  residual 
organics  in  the  gas  stream.  In  the  pilot-  arxj  full-scale  units, 
most  of  the  nitrogen  gas  is  recycled  back  into  the  system. 

Liquids  and  particulates  (and  less  volatile  organic  compounds) 
from  the  spray  tower  are  passed  through  a  gravity  phase 
separator  and  are  then  filtered  to  separate  out  solids.  Con- 
densed liquids  from  the  heat  exchangers  are  composited, 
filtered,  and  phase  separated  for  further  treatment  as  necess- 
ary. 

The  full-scale  X*TRAX  system  is  a  transportable  unit  capable 
of  treating  up  to  125  tonnes  per  day  of  soil  with  a  moisture 
content  of  20%.  The  vendor  also  operates  a  pitot-scale  unit 
that  is  mobile  and  can  treat  about  5  tonnes  per  day  of  material 
containing  30%  moisture. 

TECHNOLOGY  DEMONSTRATION    SUMMARY 

Bench-scale  treatability  studies  were  perfonned  using  three 
different  types  of  contaminated  soils  from  the  Pacific  Place 
site.  Treatabity  testing  was  conducted  using  a  laboratory- 
scale  XTRAX  unit  Treatment  goals  for  evaluating  the 
reduction  of  organic  contaminants  were  based  on  the  British 
Columbia  Standards  for  Managing  Contamination  from  the 
Pacific  Place  Site. 

Two  operating  temperatures  were  tested  in  these  studies: 
482 'C  and  37rc.  Before  processing,  the  samples  were 
screened  through  a  1/4-inch  sieve  and  then  homogenized. 
Feed  samples  were  collected  once  each  hour  and  were 
composited  for  each  temperature  condition.  Treated  solids 
and  condensates  were  collected  every  15  minutes.  The 
condensates  and  phase  separator  liquid  were  filtered  through 
25-micron  fitter  paper. 

The  feed  and  all  treatment  by-products  were  subjected  to 
chemical  and  physical  analyses  to  evaluate  perfonnarx»  aixl 
perform  a  mass  balance.  Analysis  of  emissions  during  the 
treatability  study  was  not  perfonned  due  to  the  small  scale  of 
the  equipment 


DEMONSTRATION    RESULTS 

A  summary  of  treatment  results  for  the  higher  operating  tem- 
perature (482  *C)  compared  with  initial  soil  concentrations  and 
treatment  goals  >  is  provided  in  the  table.  The  following  are  the 
key  findings  of  ihe  study: 

•  In  the  sample  with  the  highest  concentrations    of  total  PAHs, 
these  compounds   were  reduced  by  99.93%  and  99.39%  in 
the   482  *C  and    371  *C  operating    conditions,     respectively. 
The  concentrations   of  individual  and  total  PAHs  in  the  treated 
soil  were  well  below  the  treatment  goals. 

•  Pentachlorophenol  was  reduced  by  an  average  of  approxi- 
mately 98%,  and  2,3,4,6-tetrachlorophenol  by  an  average  of 
approximately    92%. 


The  concentrations  of  chlorophenols  were  all  below  the 
treatment  goals  except  for  one  sample  with  a  high  detection 
limit 

Neither  total  metals  concentrations,  nor  metals  teachability 
characteristics  changed  significantly  as  a  result  of  the 
treatment  process. 

A  significant  proportion  of  the  organic  contaminants  were 
removed  in  the  spray  tower/scrubber  and  were  detected  in 
the  filtrate. 


STATUS 


Figur*  1.  SchMnatic  Diagram  of  X*TRAX 
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The  information  presented  in  this  summary  is  based  on  the 
vendor's  report  entitled  Pacific  Place  Project  Treatment 
Technical  Study  for  British  Columbia  Hazardous  Waste 
Management  Corporation,  June  1992;  and  a  technical  report 
prepared  by  Steams  &  Conrad  Engineers,  to  be  published 
under  the  DESRT  program,  entitled  Technical  Summary 
Report  for  the  Pacific  Place  Project  Special  Waste  Treatability 
Study  Program 


Project  Sunmary  prepared  by  Steams  &  Conrad  Englr>eers  for 

DESRT  Program,  Technology  Development  Branch 

Conservation  &  Protection,  Environment  Canada 

Hull,  Quebec    K1A0H3 

In  cooperation  with: 
B.C.  Ministry  of  the  Environment  Land  and  Parte 

For  further  information  contact 
a  Hardy.  Environinent  Canada  (819)  953-0962 
B.  Ferguson,  B.C.  Environment  (604)  356-6027 


Table  1.  Summary  of  Test  Results 


ConlAntnant 

Sample  1 
Pe«i       Twatod 

Saiiit>i«2 
Feed        Treated 

Samples 
Feed     ^Treated 

Treatment 
<k»al 

Total  PAHs 

3428 

2 

54 

BDL 

193 

0.2 

20 

Total  Chlorophenols 

BDL 

BDL 

14 

0.6 

BDL 

BDL 

1 

Oil  and  Grease 

3200 

88 

520 

60 

1400 

88 

1000 

TEH 

7900 

<25 

29 

<25 

610 

<25 

- 

Note:  Results  are  from  482*C  operating  temperative 

All  concentrations  are  in  mg/kg 

BDL  -  Below  Detection  Limits 

ND  -  Mot  Detected 

TEH  •  Total  extractable  hydrocartxjns 
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•  PROJECT  SUMMARY  • 

THERMAL  EXTRACTION  PROJECT,  PACIFIC  PLACE  SFTE 
NEWALTA  CORPORATIONAJMATAC  INDUSTRIAL  PRCX^ESSES 


INTRODUCTION 

In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowiedMb  the  need  for  a  consistent  national 
approach  for  tfie  pnoritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada  In  response  to  this  need,  CCME 
estabfished  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federat-provindal-terntorial      bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remedia- 
tion Technology)  program  is  a  component  of  NCSRP.  It  was 
established  to  address  the  NCSRP  objective  of  working  with 
industry  to  stimulate  the  devek)pment  and  demonstratnn  of  new 
and  innovative  technok)gies  with  the  potential  to  resolve 
problems  that  are  critKal  to  the  environmental  remediation  of 
contaminated    sites. 

An  innovative  technology  selected  for  participatnn  in  the  DESRT 
program  was  a  thermal  extraction  process  developed  by 
UMATAC  Industrial  Processes.  A  project  of  that  technology  was 
perfomied  by  Newalta  Corporatk>n  in  associatk>n  with  UMATAC, 
and  was  jointly  funded  by  Environment  Canada,  the  British 
Columbia  Ministry  of  Environment,  Lands,  and  Parks,  and  the 
vendors. 

S/7E  HISTORY 

The  Pacific  Place  site  is  an  82.5  hectare  area  of  industrial  land 
tocsiod  along  the  north  shore  of  False  Creek  in  Vancouver. 
British  Columbia  The  site  historicaUy  housed  numerous 
irxiustrial  facffities  including  manufactured  gas  plants,  rail  yards, 
wood  treatment  facilities,  metal  works,  and  fuel  stori^  and 
transfer  facilities.  As  a  result  ct  these  mdustrial  activities,  some 
areas  of  the  Pacific  Place  site  are  contaminated  with  poiycyciic 
aromatic  hydrocaitx>ns,  chk>rophenois,  cyankle,  heavy  metals, 
and  other  organk;  and  inorganc  contaminants. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  treatability  study  of  several 
treatment  technok>gies  to  evaluate  their  effectiveness  for  treating 
contaminated  soils  from  the  Pacific  Place  site.  The  technok)gies 
evaluated  included  thennal  extractk>n,  bk>remediatk>n,  and 
stabilizatnn/  solidifk»tk>n,  as  well  as  the  thermal  extraction 
process  devek>ped  by  UMATAC.  The  DESRT  program  has 
contributed  approximately  $1.13  million  to  the  treatability  studies 
carried  out  at  the  Pacific  Place  site. 


TECHNOLOGY  DESCRIPTION 

The  AOSTRA  Taciuk  Processor  (ATP)  is  a  thermal  extractnn 
tachnotogy  devebped  by  UMATAC  Industrial   Processes  that 
separates  organics  from  so6ds  by  pyrolysts  and  <fistfflat»n.    A 
fkiw  diagram   of  the  ATP  is  provided   in  the  accompanying 
figure.    The  processor  consists  of  a  rotary  kiln  with  a  preheat 
zone,  operating  at  about  260*C:  a  reaction  zone,  operating  at 
t>etween  317  and  649*C;  and  a  oombustkxi    zone,  operating 
at  538  to  815*C.  Water  vapov  «id  the  more  volatile  organ- 
ics are  extracted    in  the  preheat   zone.     Oils  and  heavier 
organics  are  removed  in  the  reactkxi  zone.    Both  the  preheat 
and  the  reaction  zones  are  mamtamed  m  anaerobic  ooiid'itrans 
to  minimize  oxkiation  of  ttte  oiganics.    The  combustk>n   zone 
bums  coke  from  thermal  cracking  that  forms  on  the  soGds  in 
the  reaction  zone.. 

The  flue  gas  from  the  oombustkxi  zone  is  passed  through  a 
baghouse  and  a  wet  scrubber.  Treated  solids  are  discharged 
from  the  kiln  as  tailings.  The  steam  and  organks  produced  in 
the  preheat  reactk>n  zones  are  withdrawn  and  condensed  in 
separate  vapour  trains.  The  wastewater  produced  generally 
requires  treatment  before  disposal.  The  oily  waste  must  either 
be  HKineraled  in  a  hazardous  waste  hcinerator  or  recycled 
arxf  bumed  as  fuel 

TECHNOLOGY  DEMONSTRATION   SUUUAfVf 

Bench-  and  pSot-scaie  trsatifaii^  studies  were  performed 
using  four  different  types  of  contaminated  soSs  from  the  Pacifk: 
Place  site,  hi  adtfitkm,  a  bench-scale  wastewater  treatment 
study  was  perfanned  to  evaknte  ttM  effectiveness  of  a 
comMtatnn  of  standard  treatmertf  technok)gies.  This  project 
summary  discusses  only  the  pSot-scale  study.  Treatment 
goals  for  avahiating  the  roducikx)  of  orgaruc  contaminants 
were  based  on  the  British  Columbia  Standards  for  Managing 
Contaminatnn   from  the  Pacft:  Place  Site. 

Four  separate  tests  avenging  about  four  hours  in  length  were 
performed  using  UMATAC's  &tonnei>er-hour  prototype  unit 
Feed  rates  ranged  from  Z7  to  4.1  tonnes  per  hour.  During 
each  test  run.  samples  of  the  feed  and  samples  of  the  treated 
tailings  (treated  soils,  baghouse  ash,  and  cycbne  ash)  were 
collected  every  30  m'mutes.  Composite  samples  of  each  of 
these  were  submitted  for  analytk»l  testing.  Condensate 
samples  of  both  water  and  oi  were  also  collected  from  each 
run  every  30  minutes  and  analyzed.  Stack  emissk>ns  was  also 
monKored  during  three  test  runs  to  test  stack  emissKirts  and 
to  cafeulate  destruction  and  removal  efficiencies  (DRE)  and 
mass  balances. 


DEMONSTRATION    RESULTS    - 

Analytical  results  for  the  treated  soils  in  comparison  with  the 
feed  soils,  as  well  as  treatment  goals  are  provided  in  the  table. 
Key  findings  of  the  study  include: 

•  The    ATP    achieved     nearly    100%    removal    of    organic 
contaminants  yfrom  the  soil  and  demonstrated    that  treated 
soils   met  the  treatment    goals   for  organic    contaminants. 
However,  concentrations   of  organics  in  the  feed  were  low  due 
to  dilution  from  the  addition  of  sand  before  processing. 

•  Destruction   and  removal  effictences  for  PAHs  ranging  from 
98.41  to  100.00%  were  calculated  by  the  vendor. 


•  Dibenzo-dioxin  and  dberuofuran  concentratiorts  were 
reduced  in  the  soil  as  a  resuh  cff  treatment,  but  were 
present  at  significant  concentrations  in  the  condensed  oil 
from  two  of  the  test  runs. 

•  In  general,  the  concentrations  of  metals  were  reduced  in 
the  treated  soils  from  what  was  reported  m  the  feed,  and 
were  higher  in  the  cyclone  dust  and  baghouse  ash  (particu- 
larly arsenic,  copper,  lead,  tin,  artd  zinc). 

•  Stack  emissions    standards    for  metals  were  met  in  the 
study.       However,    sulphur    dioxide,     cartxxi    monoxide, 
nitrogen  oxides,  and  particulate  emissions  standards  were 
exceeded. 

•  Condensed  water  from  the  treatment  process  required 
treatment 
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The  Information  presented  in  this  summary  is  based  on  the 
vandor's  report  entitled  TraatabiSty  Study  Report,  Pacific  PSaoe 
Soils  RemedaBon  Project,  June  1992;  and  a  technical  report 
prepared  by  Steams  &  Conrad  Engmeers  to  be  published 
under  the  DESRT  program,  entitled  Technical  Summary 
Report  for  the  Pacific  Place  Special  Waste  Traatabiity  Study 
ftogram. 
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For  further  Information  contact 
a  Hardy.  Environment  Canada  (819)  953-0962 
B.  FergiKon.  B.C.  Environment  (604)  356-6027 


Table  1.  Summary  of  Teet  Reeutts 

Cocrtamiaattt 

8anq)(a1'»SaMf           SMqale  1.2,4  f  8m4    : 

'^    Sm»ri«i 

Goai 

pMd 

TrMt«l           pMd 

Tiwied 

Peed 

t>MA»d 

Total  PAHs 

46 

ND                 S09 

BDL 

2 

ND 

20 

Totirf  Chlorophwiots 

ND 

ND                ND 

ND 

ND 

BDL 

1 

OBendOseM 

118 

26                  159 

<S 

1180 

21 

1000 

TEH 

145 

ND                 ND 

ND 

ND 

ND 
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TNTRODUCnON     ^ 

H 

In  1 989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  adaiowledged  the  need  for  a  consistent,  national,  approach 
for  the  prinrjtT7fltinn  and  remediation  of  high  risk  contaminated  sites 
in  Canada.  In  response  to  this  need,  the  CCME  estabUshed  the 
National  Contaminated  Sites  Remediation  Program  (NCSRP),  which 
is  supported  and  administered  through  federal-territorial  bilateral 
agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  is  a  component  of  NCSRP.  It  was  estabUshed 
to  address  the  NCSRP  objective  of  working  with  industry  to 
stimulate  the  development  and  demonstration  of  new  and  innovative 
technologies  with  the  potential  to  resolve  problems  that  are  critical 
to  the  enviromnental  remediation  of  contaminated  sites. 

DESRT  SUPPORTED  WORK 

This  project  involved  the  demonstration  of  an  enhanced 
bioremediation  treatment  technology  and  the  evaluation  of  near-real- 
time analytical  methods. 

A  major  component  of  site  dtiaracterization  and  remediation  projects 
is  the  chemical  analysis  of  generated  samples  which  can  represent  a 
significant  portion  of  project  costs  and  add  appreciably  to  the  time 
involved  id  completing  the  work. 

ASL  and  the  Wastewater  Technology  Centre  (WTC)  undertook  the 
first  phase  of  this  project  \^ch  involved  the  evaluation, 
development,  and  subsequent  demonstration  of  the  following 
innovative  near-real-time  (NRT)  analytical  techniques: 

•  supercritical  fluid  extraction  (SFE)  of  polycyclic  aromatic 
hydrocarbons  (PAHs)  and  chlorinated  phenolics  (CPs)  from  soils; 

•  rapid  extraction  and  high  pressure  Uquid  chromatogr^hy 
(HPLC/fluorescence)  detection  of  PAHs; 

•  volatile  aromatic  hydrocarbon  analysis  using  sohd  phase 
microextraction  (SPME)  techniques; 

•  immunoassay  technology  for  the  determination  of  PAHs, 
polychlorinated  biphenyls  (PCBs),  and  CPs; 

•  microwave  assisted  digestion  technology  for  the  rapid 
.  determination  of  trace  metals; 


•  application  of  X-ray  fluorescence  spectroscopy  (XRF)  for  rapid 
determination  of  trace  metals. 

Some  of  the  techniques  described  above  were  used  to  analyse 
samples  relating  to  a  separate  phase  of  this  project  wiiich  was 
conducted  by  Grace  Dearborn  and  involved  the  enhanced 
bioremediation  of  contaminated  soils.  Information  on  the  enhanced 
bioremediation  work  is  published  as  a  separate  DESRT  Technical 
Summary  Sheet  This  project  was  jointly  funded  ($  402  000)  by 
Environment  Canada  and  the  B.C.  Ministry  of  Environment,  Lands, 
and  Parks  under  the  DESRT  program 

TECHNOLOGY  DESCRIPTION 

Supercritical  fluid  extraction  (SFE)  uses  extraction  solvents  such  as 
carbon  dioxide  and  nitrous  oxide,  in  their  supercritical  states,  to 
extract  polycycUc  aromatic  hydrocarbons  and  chlorinated  phenols 
from  contaminated  soils.  The  technique  is  complementary  to  Soxhlet 
or  sonicaticHi  extraction  and  requires  Uttle  organic  solvent  or  tedious 
manipulations. 

The  rapid  extractJCTi  and  fluorescence  detection  of  PAHs  uses  a  rapid 
hi^  ten^jerature  extraction  process  followed  by  analysis  using  a  dual 
ptimp  liquid  chromatography  system  coupled  to 'a  fluorescence 
detector  for  the  fast,  sensitive  and  partly  selective  determination  of 
PAHs  in  contaminated  soils.  Current  methods  usually  enqjloy  a 
lengthy  extraction,  Soxhlet  or  sonication,  followed  by  HPLC  or 
GC/MS  determination. 

Solid  phase  microextraction  CSPME)  was  investigated  as  an 
alternative  means  of  detecting  volatile  aromatic  hydrocarbons 
(BETX)  in  contaminated  soils.  The  BETX  partitions  fiTom  the  soil 
onto  a  fiised  silica  fibre  which  is  then  removed  and  the  analytes  are 
thermally  desorbed  in  the  injector  of  a  gas  chromatograph.  The 
tedmique  can  be  used  instead  dFpresent  purge  and  trap  or  headspace 
methods. 

Immunoassay  techniques  are  based  on  highly  selective  antigen- 
antibody  interactions  and  the  use  of  sensitive  enzyme  reactions  to 
produce  analytical  results.  The  test  systems  are  capable  of  detecting 
low  levels  of  PAHs,  PCBs,  and  CPs  in  contaminated  soils  with 
minimum  sanqjle  preparatioa  The  technique  does  not  require 
Soxhlet  or  sonication  extraction  of  the  soil  or  sophisticated 
instrumentation  such  as  gas  chromatograph  or  HPLC. 


Microwave  assisted  digestion  techniques  use  commercial 
microwave  units  to  effect  rapid  heating  and  digestion  of  contaminated 
soils.  The  acid  extract  is  ready  in  minutes  as  opposed  to  the  usual 
overnight  hotplate  digestion  required  by  current  methodologies. 

Energy  dispersive/X-rav  fluorescence  (EDXRF)  uses  x-rays  to 
penetrate  the  soil  matrix  and  excite  the  metal  contaminants.  Emitted 
radiation  from  the  fluorescence  of  the  metals  is  used  to  detect  and 
quantify  any  metals  present  in  the  soil.  The  technique  does  not 
require  hot  acid  digestion  of  the  soil  and  is  non-destructive  in  nature. 
Some  sample  preparation,  such  as  drying  and  homogenization  is 
needed  for  reproducible  XRF  results. 

TECHNOLOGY  DEMONSTRATION  RESULTS  AND 
CONCLUSIONS 

Supercritical  fluid  extraction  (SFE)  operating  conditions  of  pressure, 
temperature,  modifier.Vand  extraction  time  were  optimized  after 
numerous  experiments  il^g  standard  reference  soils.  The  developed 
SFE  procedure  can  extract  eight  soil  samples  per  hour  with  results 
comparable  to  traditional  extractions  which  require  up  to  sixteen 
hours.  The  technique  offers  the  advantages  of  speed,  increased 
extraction  efSciency,  and  reduction  of  hazardous  solvents  over  both 
Soxhlet  and  sonication  techniques. 

Rapid  extraction  and  fluorescence  detection  studies  involved 
determining  optimum  chromatographic  conditions  to  achieve  good 
sensitivity  and  rapid  elution  profiles  for  the  PAHs.  A  rapid  extraction 
procedure  was  developed  that  used  only  100  mg  of  sample  and  a 
total  analysis  time  of  1 9  minutes.  While  the  procedure  is  fast  and 
results  for  total  PAHs  compare  favourably  to  those  obtained  by 
Soxhlet  extraction  followed  by  GC/MS,  this  new  technique  does  not 
resolve  all  the  individual  PAHs. 

Solid  phase  microextraction  (SPME')  studies  included  investigating 
the  individual  and  combined  effects  of  the  three  parameters: 
extraction  temperature,  presence  of  salt,  and  acidity.  Other 
experiments  compared  the  results  of  the  standard  purge  and  trap  . 
analyses  with  SPME  headspace  analyses  on  the  same  group  of  10 
spiked  water  samples.  Two  extraction  procedures,  both  utilizing 
solid  phase  microextraction  techniques,  coupled  with  GC/FID 
detection  were  developed  for  the  rapid  analysis  of  volatile  aromatic 
hydrocarbons  (BETX)  in  soils. 

Immunoassay  techniques  Method  development  work  investigated 
the  tedmical  parameters  that  govern  the  immtmoassay  technique  and 
correlating  lab  and  field  test  results.  A  number  of  diflferent 
inmiunoassay  test  kits  were  field  tested  at  contaminated  sites  in 
British  Columbia.  While  their  usefulness  was  site  specific,  they  did 
provide  rapid  analytical  information  wiien  used  in  the  appropriate 
manner. 


Microwave  assisted  digestion  methods  were  developed  by  optimizing 
digestion  reagent  mixtures  and  instrument  operating  parameters. 
Other  factors  such  as  sample  size,  sample  composition,  and  sample 
homogeneity  were  also  investigated  Two  rapid  procedures  were 
developed;  one  en^lc^dng  concentrated  acid  mixtures  and  the  second 
using  dilute  acid  mixtures.  In  general,  the  results  from  microwave 
assisted  digestion  were  equal  to,  or  superior  to,  those  obtained  using 
conventional  acid  digestion  techniques  and  the  speed  of  the  analysis 
was  greatly  enhanced. 

Energy  dispersive  X-ray  fluorescence  rEDXRF')  detection  of  metals 
in  contaminated  soils  and  reference  materials  gave  results  that 
correlated  well  with  those  obtained  by  more  conventional  hotplate 
digestion  procedures.  EDXRF  measurements  were  found  to  be 
affected  by  sample  homogeneity;  particle  size  distribution,  moisture 
content,  and  varied  concentrations  of  different  metals  in  the  soil 
matrix.  A  field  trial  was  conducted  where  35  samples  per  day  were 
routinely  analysed  for  1 1  different  metals.  While  some  metals  had 
poor  detection  limits,  good  correlations  between  field  XRF  and 
laboratory  means  were  observed  for  arsenic,  r=0.8 1 ;  copper,  r=0.83; 
and  lead,  r=0.93. 

STATUS 

The  laboratory  and  field  demonstration  portions  of  this  project  have 
been  completed.  A  technical  report  is  being  prepared  by  ASL 
Analytical  Services  Laboratories  Ltd.  and  is  expected  in  early  1 995. 

FOR  MORE  INFORMATION 

This  Technical  Summary  Sheet  was  prepared  by  ASL  Ltd.  for 

The  DESRT  Program,  Technology  Development  Directorate 

Environmental  Protection  Service,  Environment  Canada 

Hull,  Quebec 

In  cooperation  with; 
B.C.  Ministry  of  Environment,  Lands  and  Parks 

For  further  information  contact     ' 

L.  Keller,  Environment  Canada  (819)  953-0962 

J.  Ward,  B.C.  Ministry  of  Environment,  Lands  and  Parks  (604) 
387-9951 
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INTRODUCnON         U 

V 

In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-territorial  bUateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  was  established  to  address  the  NCSRP  objective 
of  working  with  industry  to  stimulate  the  development  and  demcsistra- 
tion  of  new  and  innovative  technologies  having  the  potential  to  resolve 
problems  which  are  critical  to  the  environmental  remediation  of  contam- 
inated sites. 

DESRT  SUPPORTFn  TECHNOIjOGY 

Tallon  Metal  Technologies  Inc's  soil  treatment  technology  was  devel- 
oped between  1987  and  1991  employing  portions  and  adaptations  of  its 
technology  which  had  been  developed  for  the  recovery  of  heavy  metals 
from  wastewater  and  heavy  metal  wastes  from  die  mining  industry.  The 
technology  is  an  integration  of  materials  handling  procedures  as 
employed  in  the  minerals  processing  industry  and  as  adapted  to  soil 
treatment  by  TaUon  with  the  hydrometallurgical  and  other  physico- 
chemical  recovery  techniques  which  Tallon  had  developed  for  selective 
recovery  of  heavy  metals  and  organic  contaminants  from  soil  and  other 
wastes. 

The  DESRT  Program  first  sii^ported  a  treatability  study  to  evaluate  and 
adapt  the  treatment  process  for  the  soil  of  the  Dickson  site.  Following 
this  stody,  a  pilot  demonstration  project  was  completed  using  a  300  xji. 
capacity  tmiL 

The  project  was  financed  jointly  by  Environment  Canada,  the  \finist^ 
de  lEnvircsmement  et  de  la  Faune  du  Qu£bec  and  Bombardier  Inc.  The 
total  cost  for  the  project  was  880  000  S.  The  DESRT  program  contribu- 
tion was  250  000  S. 

CONTAMTNA  TTON  CHARACTERTSTTCS 

TaUon's  technology  was  applied  during  the  environmental  remediation 
of  the  Dickson  site,  located  m  Montreal  East  Historically  this  property 
was  a  part  of  the  MLW  Bombardier  industrial  site,  used  since  the  begin- 
ning of  the  century  for  railroad  material  productioiL 

Characterization  studies  carried  out  between  1989  and  1992  revealed 
that  the  site  was  contaminated  with  copper,  lead  and  arsenic.  After  a 
smdy  of  die  options,  an  excavation  and  treatment  process  using  Tallon's 
Technology  was  chosen  to  restore  the  soil  quality. 


PROJECT  DEMONSTRA  TIPS  SUMMARY 

The  results  of  the  treatability  studies  widi  soils  from  the  Dickson  site 
permitted  the  construction  of  a  process  flow  sheet,  as  shown  in  Hgure  1, 
suited  to  this  soil  type  and  contaminalicm  level.  Extraction  and  recovery 
processes  were  replaced  with  a  flotation  separation  process.  The  main 
stages  of  the  Tallon  technology  that  were  applied  to  this  project  were: 

After  excavation,  ccmtaminated  soil  is  delivered  to  a  5  cm  vita-aiing 
screen. 

Soil  (<  5  cm)  is  added  to  a  feed  hopper  and  discharged  on  a  convey- 
or where  metallic  debris  are  recovered  widi  a  magnetic  head  pulley. 
Non-metallic  material  is  discharged  onto  a  vibrating  screen  (0,6  cm) 
where  it  is  washed. 

Soil  (<  0,6  cm)  is  washed  directly  into  double-cell  attrition  scrubbers 
where  soil  particles  are  scrubbed  mechanically. 
The  discharge  of  the  attrition  scrubbers  is  passed  through  a  magnetic 
pinifier.  Non  magnetic  marfaial  is  discharged  directly  in  a  spiral 
classifier  where  the  coarse  marmals  (>  0,2  mm)  are  removed.  The 
overflow  containing  finer  p>artk;les  (<  0,2  mm)  is  delivered  to  flota- 
tion cells. 

The  heavy  metal  enriched  float  is  directed  to  a  plate  filter  press 
where  the  contaminated  solids  are  collected. 
.     The  underflow  containing  noiMxmtaminated  suspended  particles  is 
directed  to  a  belt  filter  where  ifae  solids  are  washed  and  dewatered. 

In  order  to  verify  the  effectiveness  of  the  treatment,  samples  were  taken 
periodically  at  various  stages  of  &c  process.  The  san^les  taken  at  each 
control  point  were  as  foDows: 

point  A;  contaminated  soils  before  sie%ing 

point  B:  coarse  materials  (>  S  cm) 

point  C:  materials  under  5  cm  ia  diameter 

point  D:  treated  materials 

point  E:  fine  matmals  leaving  Ac  filter  press 

point  F:  process  water 

point  M:  metallic  debris  leaving  the  magnetic  separators. 

TECHNOLOGY  DEMONSTRA  TION  RESULTS 

The  analytical  results  are  summarized  in  Table  1;  mean  concentrations 
of  arsenic,  coppei  and  lead  are  given  for  caA  control  poinL  The  results 
and  comments  are  given  for  two  exca>'ation  sites  because  of  the  signifi- 
cant difference  between  the  type  of  fill  found  at  each.  The  major  amchi- 
sions  of  the  sudy  are  summarized  hereafter. 


Site  remediation  was  earned  out  in  accordance  with  the  selected  pro- 
cedure to  eliminate  a  potential  source  of  pollution  and  restore  the 
site  to  an  acceptable  environmenul  standard  for  industrial  use 
Analysis  results  revealed  that  the  concentrations  of  metals  and 
organic  products  in  the  jwocess  water  were  low  and  corresponded  to 
Montreal  Urban/Conununity  standards  for  disposal  into  the  com- 
bined sewer  system. 

From  a  technical  stand^int,  the  equipment  operated  effectively  for 
granular  soil  (non-cohesive).  All  problems  linked  primarily  to  inte- 
grating several  types  of  equipment  into  a  treatment  system  were 
resolved,  mostly  during  the  start-up  phase. 

The  project  revealed  a  major  operating  problem  related  to  certain 
pieces  of  equipment  due  to  the  presence  of  cohesive  soil  (silt  and 
clay)  in  Site  I.  Although  die  utilization  of  a  primary  scrubber  and 
modified  screen  had  been  successfully  demonstrated  in  a  previous 
project  for  a  different  soil  containing  >  50%  clay,  there  was  insuffi- 
cient time  to  institute  the  equipment  modifications  for  the  Dickson 
site  due  to  project  timing  constraints. 

.  Magnetic  separation  jnade  it  possible  to  recover  material  with  a  high 
arsenic  concentration  on  Sites  I  and  n  and  with  a  high  copper  con- 
centration primarily  on  Site  II; 

The  results  of  the  analysis  of  the  treated  soil  demonstrate  the  system 
effectiveness  in  reducing  arsenic  contamination,  with  over  82%  of 
samples  having  concentrations  lower  than  criterion  "B"  at  Site  I, 
where  more  arsenic  contamination  was  found,  and  100%  of  samples 
having  concentraiions  lower  than  criterion  "C";  the  mean  concentra- 
tion at  the  same  site  dropped  from  52.4  mg/kg  (control  point  A)  to 
2S.1  mg/kg  (control  point  D); 

.  Physicochemical  separation  in  the  flotation  system  made  it  possible 
to  concentrate  arsenic  and  copper.  The  effectiveness  of  flotation 
seemed  to  increase  when  higher  concentrations  were  present  in  the 
soil  to  be  treated. 

FOR  MORE  INFORMATION 

The  project  was  carried  out  by  Tallon  Metal  Tedmologies  Inc.  with  flie 
collaboration  of  Ecotone  Inc.  and  Bombardier  Inc. 

The  information  provided  in  this  summary  is  based  on  a  technical 
rqx3it  produced  in  October  1993  by  fiootone  inc.,  vohimes  1  and  2,  enti- 
tled: Application  de  la  technologie  Tallon  dans  le  cadre  du  proiet  de 
rfliabilitaiion  du  site  Dickson.  Montreal. 


For  more  information,  please  contact: 

Technology  Development  Section, 
Environment  Canada 

Direction  de  la  coordination  de  la  recherche, 
EDviroiinemeDt  et  Faune  du  Quebec 


Figure  1.    Process  Schematic 
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Table 

1.  Mean  coocentratioas  (mg/kg)  of  metals  al  each  control  point 

Criteria 
(MEF) 

SITE  I 
Oontrol  Fomc 

SITEn                                             1 
Control. Point                                          | 

B 

c 

A 

B 

c 

M 

D 

E 

A 

B 

C 

M 

D 

E 

As 

30 

50 

52,4 

65.7 

50.8 

70.0 

25,1 

97.1 

27.4 

15.1 

21.3 

79.7 

14.3 

24.2 

Cu 

100 

500 

151.4 

204.8 

313.6 

420.9 

115.5 

921.8 

260.6 

36S.6 

235.8 

822.6 

346.6 

555.0 

Pb 

500 

1000 

248.0 

213.2 

220.2 

277.2 

187,6 

434.1 

336.2 

283.5 

282.0 

928.7 

327.3 

564.8 
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In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-leiritorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  was  established  to  address  the  NCSRP  objective 
of  working  with  industry  to  stimulate  the  development  and 
demonstration  of  new  and  innovative  technologies  having  the  potential 
to  resolve  problems  which  are  critical  to  the  environmental  remediation 
of  contaminated  sites. 

DESRT  SUPPORTED  TFCHNOWGY 

The  Pyrovac™  vacuum  pyrolysis  paDcess  was  developed  by  Pyrovac 
Intemadonal  Inc.  and  is  one  of  the  innovative  technologies  which  was 
chosen  by  the  DESRT  program.  The  investigation  was  carried  out  by 
Laval  University  in  coIlabOTation  with  Pyrovac  Institute  Inc.  and  was 
supported  by  Environment  Canada  and  the  ministere  de 
lEnvironnemaii  et  de  la  Faime  du  Quebec. 

The  DESRT  Program  sappatled  an  investigation  into  the  feasibility  of 
the  vacuum  pyrolysis  process  for  the  treatment  of  soil  samples  with 
1  varying  levels  of  hydrocarbon  contamrnaticm.  originating  from  the  "Le 
'N^dangeor  de  Montreal  inc"  site  in  Masconche  (Quebec).  The.contii- 
bmion  provided  by  the  DESRT  Program  was  S221  430. 

CONTAMTNATION  CHA  RACTERTSTTCS 

The  Ijt  Vidangeur  de  Moatr£al  inc."  tote  is  located  in  Mascouche  (Qc), 
20  km  northeast  of  Montreal  and  has  a  surface  area  of  6  km'.  The  site, 
previously  a  sand-quany,  was  used  from  1969  to  1974  for  the  dumping 
of  soUd  residues,  as  well  as  for  the  incirKradon  of  petroleum  sludges. 
Fissured  basins  containing  liquids  and  faydrocaibon  sludges  were  aban- 
doned. Today,  hydrocarbon  tar  slabs  can  be  found  in  several  places  on 
the  site  whose  soil  and  water  have  been  contaminated  with  hydrocar- 
bons, polycyclic  aromatic  hydrocarbons  and  polychlorinated  bijAenyls. 
The  orphan  site  is  considered  highly  contaminated  according  to  Quebec 
norms. 

PROJECT DEMONSTRA TION  SUMMARY    " 

The  reactor  used  in  this  study  is  a  horizxmtal  cylindrical  vessel  equipped 
with  a  novel  mechanism  for  soil  handling  in  the  reactor  which  ensures 
maximum  heat  transfer.  The  contaminated  soils  are  pyrolyzed,  ie.  heat- 
ed to  a  tenqaerature  of  about  500°C  in  the  absence  of  oxygeiL  The  total 
pressure  is  about  35  kPa.    The  organic  matter  evqxjrales  and  forms 


v^wuis.  These  vapours  are  punqjed  out  of  the  reactor  and  condensed  as 
an  oily  phase  and  an  aqueous  phase  in  two  condensers  operating  in 
series.  The  residual  non-condensable  gas  is  used  as  a  make-up  heal 
source  in  the  process.  A  nitrogen  air-tight  system  prevents  air  from 
entering  the  reactor.  The  restored  soils  are  coniinuotisly  recovered  and 
cooled. 

The  samples  collected  at  the  Mascouche  site  were  chosen  so  as  to  repre- 
sent a  variety  of  types  of  soils  (sand,  clay,  tar  slabs)  and  a  variety  of 
contamination  concentrations.  The  objectives  of  die  treatment  were  to 
reduce  the  level  of  organic  contamination  so  as  to  respect  the  Qu£bec 
criteria  for  soU  contamination. 

Initially,  laboratory  scale  batch  runs  were  carried  out  in  a  vacuum  pyro- 
lysis reactor.  Ten  samples  of  3  to  10  kg  (total  of  75  kg)  were  treated. 
These  runs  confirmed  the  potential  of  the  vacuum  pyrolysis  concept 
since  all  flie  treated  soil  samples  matched  the  residential  level  A  cri- 
terion. 

The  investigation  was  thus  continued  with  the  development  of  the 
process  on  an  industrial  jHDtotype  uniL  The  pilot  unit  wiih  a  central 
reactor  3  m  long  and  0.6  m  in  diameter  was  constructed  and  tested.  The 
satisfactory  mechanical  operation  of  the  unit  was  demonstrated  with  the 
treatment  of  a  contaminated  soil  sample  at  a  flowrate  of  75  kg/h. 

The  analyses  carded  out  on  die  sample  treated  with  the  jnlot  unit  indi- 
cated concentrations  corresponding  to  residential  criterion. 

A  {seHnnnary  techno-economk  evaluation  was  carried  out  based  on  the 
engineering  data  provided  by  operation  of  the  industrial  prototype.  The 
hypothesis  of  a  5  t/h  unit  was  made  and  the  coiresponding  construction 
costs  were  evaluated  at  $  700  000,  excluding  the  transportation  equip- 
ment. 

The  operating  costs  did  not  include  dre  treatment  of  the  aqueous  j^iase; 
however,  they  did  include  an  evaluation  of  the  costs  associated  with 
mobilization  and  demobilization.  The  latter  are  expected  to  be  low, 
since  fiume  installations  will  be  mobile  and  of  little  bulk. 

The  treatment  cost  per  ton  of  contaminated  soil  has  been  evaluated  at 
$50  (excluding  the  cost  for  the  treatment  of  the  aqueous  phase  and 
equi{snent  d^jreciaticm). 

TECHNOJX)GY  DEMONSTRATION  RESULTS 

The  table  below  provides  the  concentration  of  contaminants  in  the  soils 
before  and  after  treatment,  for  both  the  laboratory  vacuum  pyrolysis 
runs  as  well  as  the  pilot  scale  run.  The  following  major  conclusions 
were  reached  in  tins  study: 


•  Production  of  a  reuseable  by-product  (oils). 

•  Residential  criterion  reached  for  the  treated  soils. 

•  Applicable  to  many  types  and  combinations  of  hydrocarbons. 

•  The  polychlorinated  biphenyls  are  extracted  from  the  soils  and  are 
concentrated  in  the  oils. 

•  Negligible  atmosj^eric  emissions  and  no  gas  cleaning  equipment 
required. 

Potential 

•  The  operating  conditions  can  be  adjusted  for  the  treatment  of  various 
degrees  of  contamination  and  moisture  of  the  different  soil  samples. 
This  allows  for  the  adjustment  of  the  energy  consumption  and  the  opti- 
mization of  the  treatment  capacity. 

•  The  imit  can  be  loaded  onto  a  mobile  system  in  order  to  operate  direct- 
ly on  the  site.  The  design  of  this  system  is  presently  being  investi- 
gated. 

•  The  preliminary  economic  evaluation  is  favourable  and  compares  well 
with  technologies  already  available. 

Limitations  S 

•  The  aqueous  phase  produced  during  the  process  must  be  subsequently 
treated  (possibly  together  with  the  water  on  site). 

•  The  electric  healing  system  presently  used  does  not  allow  the  pilot  imit 
to  be  operated  to  its  optimimi  capacity.  Future  studies  axe  planned  to 
test  other  modes  of  heating. 


•  Future  investigations  should  be  carried  out  to  study  the  treatment  of 
different  tyjjes  of  soils. 

FOR  MORE  INFORMATION 

The  project  was  carried  out  by  Laval  University  with  the  collaboration 
of  Pyrovac  Institute  Inc. 

The  information  provided  in  this  summary  is  based  on  a  technical  report 
produced  in  September  1993  by  Laval  University  with  the  collaboration 
of  Pyrovac  Institute  Inc.,  entitled:  ^valuation  du  proc^dg  Pvrovac  de 
pvTolvse  sous  vide  pour  la  restauration  des  sols  contamin^s  avec  des 
matieres  organiques  danperetises. 

For  more  information,  please  contact: 

Technology  Development  Section, 

Environment  Canada  (514)  2S3-9678 

Direction  de  la  coordination  de  la  recherche, 

Environnement  et  Faune  du  Quebec  (418)  643-2073 
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Sample 

Petroleum  hydrocarbons 
(mg/kg,  anhydrous  basis) 

BEFORE 

Al-THK 

QayA 

290 

5.0 

QayB 

150 

4.1 

Sand  A 

3000 

6.8 

SandB 

6100 

.4.9 

SandC 

19770 

2.9 

SmAD 

2050 

7.7 

SandE 

790 

3.1 

SandF 

4600 

2.5 

Tar  slab  A» 

51000 

12.2 

Tar  slab  B* 

49000 

236.0 

Sand  (pilot  unit) 

7470 

210 

*  Tar  slabs  on  the  surface 
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IN  SITU  REMEDIATION  OF  SOILS  BY  VENTING  AND  FORCED  AERATION 
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-  PROJECT  SUMMARY  - 


September  1995 


INTRODUCTION         . 

Ir  In  1989,  the  CanadianvCouncil  of  Ministers  of  the  Environment 
(CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 

|e  federal-provincial-territorial  bilaieral  agreements. 

^  The  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  was  estaUished  to  address  the  NCSRP  objective 
1*1  of  working  widi  industry  to  stimulate  the  development  and  demonstra- 
v  tion  of  new  and  innovative  technologies  having  the  potential  to  resolve 
problems  which  are  critical  to  the  environmental  remediation  of  contam- 
inated sites. 

\1  DESm- SUPPORTED  TFXmNOTDGY 

The  tedmology  in  question  is  an  in  situ  treatment  method  diat  combines 
D  the  venting  of  imsanirated  subsurface  soils  with  forced  aeration,  pro- 
I  duced  by  injecting  air  into  the  soils  located  beneath  the  water  table.  The 
DESRT  jjTogram  sponsored  the  demonstradon  of  this  technology  at  two 
sites,  one  in  Vanier  and  the  other  in  Sorel.   The  performance  of  the 
Forced  Aeration  and  Ventilation  System  (FAVS)  was  evaluated  primari- 
^  ly  in  terms  of  the  remediation  of  soils  in  relation  to  tiie  "C  criteria  of 
Environnement  et  Faune  Quftec.   The  potential  for  reducing  the  con- 
centrations of  dissolved  hydrocarbons  in  the  ground  water  was  also 
examined. 

The  project  was  financed  by  SbeO  Canada  Products  Ltd.,  Environment 
Canada  and  Environnement  Qu&ec.  The  total  cost  of  the  jn'oject  was 
5366,600  and  the  DESRT  contribution  was  5120,000.  ADS  Gioupe- 
Conseil  Inc.  provided  complete  technical  expertise  for  the  project. 

CONTA  MINA  TION  CHA  RA  CTERTSTICS 

The  project  was  carried  out  as  part  of  the  remediation  of  two  former  ser- 
vice station  sites  in  the  reqjective  cities  of  Vanier  and  Sorel,  Quebec. 
Previous  characterization  studies  revealed  that  the  soils  were  contami- 
nated with  light  hydrocarbons. 

The  preliminary  characterization  studies  indicated  that  at  the  Vanier  site, 
the  water  table  was  7  m  beneath  the  surface  in  the  unit  of  fine,  silty  sand 
with  thin  layers  of  silt.  The  hydraulic  conductivity  was  estimated  at  10* 
cm/s.  The  volume  of  soil  affected  was  3,000  m'  and  the  mass  of  hydro- 
carbons was  estimated  at. 3,000  kg.  At  the  Sorel  site,  the  water  table 
was  between  2.5  and  3.0  m  beneath  the  surface.  The  subsurface  soils 
were  comp>osed  of  fine  sand  with  a  small  amount  of  silt  and  had  a 
hydraulic  conductiviiy  of  10*  cm/s.  Approximately  300  m'  of  soil  was 
contaminated  with  300  kg  of  hydrocarbons  at  tfiis  site. 
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PROJECT  DEMONSTRA  TION  SUMMA  RY 

This  technology  uses  air  injection  wells,  located  imder  the  water  table, 
to  force  the  volatilization  of  the  soil  contaminants  contained  within  the 
saturated  zone.  The  injection  of  air  beneafli  the  water  table  increases  the 
migration  of  vapours  towards  the  surface.  Ventilation  wells  then  draw 
off  the  v^xjurs  and  extract  volatile  contaminants  contained  in  the  soils 
located  in  the  unsaturated  zone. 

The  process  consists  of  a  ventilation  and  treatment  system  and  an  injec- 
tion system  (Figure  1).  The  injection  and  ventilation  appaiams  have 
underground  components  (screened  pipes  and  control  valves)  and 
mechanical  components,  including  a  water  trap  hooked  up  to  a  pump  to 
control  water  accumulation,  a  dust-control  filter,  a  vacuum  pump  and 
two  activated  chareoal  drums  connected  in  series.  The  injection  system 
is  composed  essentially  of  a  compressor  preceded  by  an  air  filter  and 
followed  by  a  safetj'  valve  and  control  valves.  All  mechanical  compo- 
nents, including  the  activated  charcoal  dnmis,  are  mounted  in  small 
metal  containers  measuring  2.4  m  wide  by  4  m  long  (Sorel)  and  2.4  by 
5  m  long  (Vanier)  to  facilitate  transportation  of  the  units  fiom  one  site  to 
another.  The  containers  are  insulated  such  that  the  noise  heard  at  a  dis- 
tance of  15  m  (adjacent  buildings)  blends  in  with  the  ambient  noise  lev- 
els. ^ 

In  Vanier,  the  FAVS  was  comprised  of  nine  ventilation  wells  and  eight 
injection  wells.  The  service  station  continued  operations  during  the 
remediation.  The  system  was  operated  in  ventilation  mode  wifli  a  nomi- 
nal air  flow  of  7.1  m'/min.  Air  was  injected  at  half  that  rate 
(3.7m'/mm). 

In  Sorel,  the  FAVS  was  conq»sed  of  four  horizontal  ventilation  wells 
and  three  vertical  injection  wells.  The  system  was  operated  in  ventila- 
tion nKxk  with  a  nominal  air  flow  of  2.7  m'Anin.  Air  was  injected  at  a 
rate  of  1.7  rrf/miiL 

In  bodi  cases,  the  concentration  of  VOCs  (total  volatile  organic  com- 
pounds) was  meastxred  in  order  to  quantify  the  mass  of  hydrocarbons 
extracted  and  to  verify  the  concentrations  passing  through  the  charcoal 
filters.  The  performance  of  the  FAVS  was  thus  evaluated  on  the  basis 
of  flie  physical  extraction  of  the  compotmds,  without  taking  accotmt  of 
oflier  factors  that  could  play  a  role  in  the  remediation  process  (biodegra- 
daiion,  etc) 
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TF.CHNOIX)GY  nEMOmTRA  TTON  KFSIJLTS 

The  results  of  the  FAVS  treaiment  for  both  sites  are  summarized  in  the 
table  below.  The  main  conclusions  are  as  follows: 

•  The  mass  of  contaminants  directly  extracted  by  FAVS  (physical 
extraction)  was  l^jproximaiely  45%  of  the  initial  mass  based  on  a 
treatment  period  of  1 10  days  at  the  Vanier  site  and  475  days  at  the 
Sorel  site  (40%  had  already  been  extracted  after  the  first  200  days.) 

•  The  volume  of  soil  affected  (exceeding  "C"  criteria)  both  above  and 
below  the  water  table  was  reduced  by  94%  (from  3,000  m'  to  170  m' 
at  the  Vanier  site)  and  by  83%  (300  m'  to  50  m'  at  the  Sorel  site)  fol- 
lowing treatmenL 

•  Other  factors  contribute  to  reducing  the  mass  of  hydrocarbons  in  the 
soil  in  a  proportion  that  could  be  equivalent  to  physical  extraction. 
These  include  increased  biodegradation  due  to  the  injection  of  air 
and  direct  volatilization  during  excavation,  the  removal  of  reser- 
voirs, and  the  install^^n  of  conduits  in  the  excavation  trenches. 

A  follow-1^  of  the  ground  water  quality  revealed  that  hydrocarbons  in 
the  dissolved  phase  are  present  essentially  at  the  surface  of  the  water 
table.  Moreover,  the  change  in  concentrations  seems  to  indicate  an 
improvement  as  a  function  of  treatment  time.  However,  the  pn-ocess  is 
long  and  residual  concentrations  in  saturated  soils,  although  below  die 
"B"  criteria,  are  high  enough  to  affect  the  water,  leading  to  concentra- 
tions exceeding  the  MEFs  "C  criterion  for  ground  water. 


Vanier 

Sord 

Concent,  of  total 

BTEX(mg/kg) 

Initial 

20-850 

15-1130 

At  end  of  tieannent  period 

ND-165 

ND-590 

Number  <rf  days  of  tieamient 

no 

475 

Mass  Balance 

Ininal  bydrocaiixxi  mass 

3000  kg  (100%) 

300  kg  (100%) 

Mass  exnaaed  by  FAVS 

1300  kg  (43%) 

130  kg  (43%) 

Mass  excavated 

50  kg  (2%) 

- 

Remaining  mass  (sodls<C) 

200  kg  (7%) 

50kgl(17%) 

Biodegraded  or 

120  kg  (40%) 

1450  kd  (48%) 

volatilized  mass 

NOTES 

ND:  Under  the  detectiaa  thresbcdd. 

1 :50  m*  of  soQ  still  exceeded  MEF'C  cnierion  after  the  treaimem  period. 


FOR  MORE  INFORM  A  TION 

The  project  was  carried  out  by  Shell  Canada  Products  Ltd.  in  coopera- 
tion with  ADS  Groupe-Conseil  Inc. 

The  information  jsovided  in  this  summary  sheet  is  based  on  technical 

rqxMt  prepared  by  ADS  Groupe-Conseil  Inc.  entitled:  "Restaigation  in 

situ  des  sols  par  un  svsteme  de  ventilation  et  d'a^ration  {oTc6e.   Projet 

de  d6veloppement  technologique,  Stations-service  Shell.  Vanier  el 

Sorel". 

For  more  information,  please  contact 

Technology  Development  Section, 

Enviroiunent  Canada  (514)  2S3-967g 

DirectioD  de  la  coordinatioD  de  la  recherche, 

Environnement  et  Faune  du  Quebec  (418)  643-2073 
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DEVELOPMENT  AND  DEMONSTRATION  OF  A  BIOFILTRATION  PROCESS 
BIOGENIE  INC^  PROVINCE  OF  QUEBEC 


PROJECT  SUMMARY  - 


eptember  1995 


INTKODVCnON  . 

In  1989,  the  CanadiainCouncil  of  Ministers  of  the  Environment 
^CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
I  ederal-provincial-tenitoiial  bilateral  agreements. 

i"he  DESRT  (Development  and  Demonstration  of  Site  Remediation 
Technology)  program  was  established  lo  address  the  NCSRP  objective 
I  if  working  with  industry  to  stimulate  the  development  and  demonstra- 
|ion  of  new  and  innovative  technologies  having  the  potential  to  resolve 
problems  which  are  aidcal  to  the  environmental  remediation  of  contam- 
inated sites. 

JESRT  SUPPORTED  TECHNOIjOGY 

The  project  objective  was  to  develop  a  biological  process  to  treat  gases 
hiring  the  remediation  of  gasoline-contaminated  soil  The  project  was 
nitiaied  in  February  1993  and  ended  in  October  1994. 

Biog&ie  inc.  is  the  project  propwient.  Wwk  was  carried  out  in  cooper- 
-uion  with  the  NaticHial  Research  Council  of  Canada.  Project  financing 
vas  provided  by  die  DESRT  program  and  Biog^e  inc.  The  DESRT 
contribution  amotmted  to  314  000$  of  flie  total  654  111$  project  expen- 
ditures. 

CONTAI^TNATTONCHARACTERTSTTCf! 

During  the  rq>lacemeat  of  an  underground  storage  tank  at  a  service  sta- 
tion on  the  outskirts  of  Quebec  Gty.  gasoline  was  observed  to  have 
leaked  and  contaminated  snnounding  soiL  Field  tests  were  conducted 
md  the  contaminated  area  was  estimated  to  be  -250  m*  requiring  the 
treatment  of  ^^proximately  400  cubic  meters.  The  soil  was  located  at  an 
average  d^di  of  3  meters,  la  sim  treamient  (bioventing  and  air  sparg- 
ing) was  carried  out  at  the  remediation  site.  Bore  holes  were  drilled  in 
order  to  both  inject  air  into  the  contaminated  soil  and  recover  efQuent 
gases  for  treatmenL  The  waste  gas  recovered  contained  large  quantities 
of  volatile  hydrocarbons  including  benzene,  toluene  and  xylene  com- 
pounds. The  treaimeni  system  for  these  gases  had  to  be  highly  efficient 
due  to  the  close  proximity  of  restaurants,  boutiques  and  a  bus  stop. 

PROJECT  DEMONSTRATION  SUMMARY 

The  system  schematically  set  forth  in  figure  1  was  made  up  of  three 
units:  an  air/water  sq>arator.  a  tridding  filter  reactor  and  a  biofilcrer. 


Waste  gas  was  first  drawn  in  through  the  airAvater  separator  used  to 
remove  impurities  in  the  air  such  as  water  droplets,  solid  particles,  etc. 
The  effluent  then  travelled  through  the  trickling  filter  reactor  packed 
with  a  veiy  porous  polymer.  Gas  purification  was  obtained  by  soaking 
the  liquid  percolating  throng  the  polymer  bed  against  a  badc-flow  of 
gas.  The  use  of  a  polymer  as  the  packing  material  enhanced  mass  trans- 
fers between  the  liquid  and  the  gas.  Moreover,  tiie  polymer  could  fix  a 
large  concentration  of  spiecific  bacteria  helpful  in  degrading  the  contam- 
inants found  in  the  liquid  phase.  Following  treatment  in  the  trickling  fil- 
ter reactor,  the  waste  gas  was  chamieDed  to  the  compost-based  biofilter 
where  residual  contain  in  ants  were  removed  by  the  compost  bed. 
Testing  was  carried  out  at  the  site  during  a  five-month  p>eriod.  During 
the  start-up  phase,  a  hquid  cantaimng  mineral  nutrients  and  an  emulify- 
ing  agent  was  introducted  into  the  trickling  filter  unit.  The  bed  was 
inoculated  with  volatile  hydrocarbon-degrading  bacteria.  Biologically 
active  compost-based  material  was  utilized  as  the  biofilter  bed.  During 
the  system's  o|>eration.  water  nutrients  and  emulsifiers  were  added  to 
maintain  optimiun  operational  parameters.  Analytic  follow-up  was  con- 
ducted (physical,  chemical,  bkxbemical  and  microbiological)  to  evalu- 
ate system  performance. 

TECHNOIXtGY  DEMONSTRATION  RESUT.TS 

TaUe  1   indicates  die  results  obtained  in  benzene,  toluene  and  xylene 
coii^x)und  elimination. 

Test  results  substantiate  die  following  conclusions: 

1.  The  system  is  made  iq>  of  a  mobile  units  and  is  easy  to  use  (trans- 
port, install  and  operate). 

2.  It  functicms  tmder  variable  ambient  tenq>eratures  (4  seasons). 

3.  It  is  efficient  in  the  treatment  of  gases  contaminated  by  volatile 
hydrocarboiii  such  as  beozeoe,  toluene  and  xylene  compwimds. 

4.  It  m^  be  used  in  die  treatment  of  odier  kinds  of  contaminants,  can 
tolerate  high  contaminant  concentrations,  and  requires  a  minimal 
amount  of  time  to  start  up. 


Table  I 
Removal  of  benzene,  toluene  and  xylenes 


Contaminant 


Concentration 

bef<M-e  treatement 

(mg/m') 


%  of  removal 


Benzene 
Toluene 
Xylenes 


1-104 

6-227 
9-56 


873 
90.1 


FOR  MORE  INFORM ATTO?^ 

The  project  was  carried  out  by  Biogenic  Inc.  with  the  collaboration  of 
National  Research  Coundl  Canada. 

The  infonnation  provioted  in  this  summary  is  based  on  a  technical 
report  prepared  by  Biogenic  Inc.,  entitled:  Developpement  et  demonstra- 
tion d'un  vTOcidi  de  biofiltration. 


For  more  information,  please  contact; 

Technology  Development  Section, 

Environment  Canada  (514)  283-967S 

Direction  de  la  coordination  de  la  recherche, 

Environnement  et  Faune  du  Quebec  (418)  643-2073 
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Figure  1:  Biological  treatment  system  of  waste  gas 
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-  PROJECT  SUMMARY  - 

September  1995 

INTRODUCnON  \^ 

In  1989,  the  Canadia^Council  of  Ministers  of  the  Environment 
(CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supponed  and  administered  through 
federal-provincial-territorial  bilateral  agreements. 

The  DESRT  (Developiment  and  Demonstration  of  Site  Remediation 
Technology)  program  was  established  to  address  die  NCSRP  objective 
of  working  with  industry  to  stimulate  the  development  and  demonstra- 
tion of  new  and  iraiovalive  technologies  having  the  potential  to  resolve 
problems  which  are  critical  to  the  environmental  remediation  of  contam- 
inated sites. 


of  underground  reservoirs  and  the  remediation  of  contaminated  sites,  the 
development  of  technological  solutions  maximizing  environmental  ben- 
efits, at  reasonable  cost,  is  fast  becoming  an  essential  requisite.  The 
Boncherville  project  represented  an  inappropriate  case  of  soil  (clay)  and 
the  Jonquiere  project,  a  case  of  high  contamination  (>50  000  mg/kg  of 
mineral  oils  and  greases). 

PROJECT  DEMONSTRA  TTON  SUMMA  RY 

The  process,  patented  by  Biogenie  inc.  in  the  United  States  and  in 
Canada,  involves  optimizing  the  biological  degradation  conditions  of 
the  contaminants  in  the  soil: 


DESRT  SUPPORTED  TECHNOLOGY 

The  present  project  undertaken  between  May  1992  and  May  1993,  was 
carried  out  within  the  framework  of  the  federal-provincial  Development 
and  Demonstration  of  Site  Remediation  Technologies  Program 
(DESRT).  It  intended  to  demonstrate  the  potential  and  limitations  in  the 
use  of  a  biopile  treatment  process  to  treat  soils  contaminated  by  certain 
types  of  hydrocarbons,  p>articulaily  transformer  oil  (Boucherville  site) 
and  diesel  ftiel  (Jonquiere  site).  At  each  of  the  two  sites,  trealment  was 
carried  out  on  500  cubic  metres  of  soil 

The  project  objectives  were  to: 

1.  Verify  the  importance  of  volatilization  and  leaching  dming  the  Ho- . 
logical  degradation  process. 

2.  Establish  the  treatability  potendal  (using  biological  means)  of  die 
two  types  of  contamination:  soil  contaminated  by  transformer  oil 
and  soil  contaminated  by  diesel  faeL 

3.  Demonstrate  die  advantages  of  inoculating  ad^qHed  bacteria  to  maxi- 
mize the  biological  treatment  yield. 

4.  Confirm  the  efficiency  of  the  gas  evacuadon  and  filtradoa  system. 

5.  Validate  die  feasibility  of  using  a  biological  process  within  die  con- 
text of  (Ju£bec's  climatic  conditions. 

6.  Assess  the  technical  and  economic  aspects  of  this  type  of  jxocedure. 

The  project  was  financed  joinfly  by  "Environment  Canada",  the  "mi- 
nistere  de  I'Environnement  et  de  la  Faune  du  Qu6bec"  and  Biog^e  in& 
The  total  cost  for  die  project  was  of  $230  000.   The  DESRT  program 
contribution  was  $180  (XX). 
CONTA  MINA  TION  CHA  RA  CTERISTICS 

Diesel  fuel  and  transformer  oil  are  widespread  contaminants  in  (^Aiec. 
Faced  with  increasingly  stringent  legislation  governing  die  replacement 


-  The  contaminated  material  is  excavated  and  pUed  on  an  asphalt  area; 

-  Perforated  pipes  are  installed  under  the  pile  and  coimected  to  a  suc- 
tion booster. 

-  Air  drawn  from  the  pile  is  processed  by  a  treatment  system  (activat- 
ed charcoal  or  biofilter)  prior  to  its  release  into  the  atmosphere. 

-  An  irrigation  system  installed  on  the  surface  ensures  correct  humidi- 
ty levels.  The  leachate  is  recirculated  (closed-circuit). 

-  The  sofl  is  mixed  periodically  and  the  nuttient  inflow  (N,  P,  K)  con- 
trolled. 

-  Following  treatment,  die  soil  may  be  retumed  to  its  csiginal  location, 
used  as  filter  material  at  another  industrial  site  or  at  landfill  sites. 

TECrtNOTJ)GY  DEMONSTRA  TION  RESUI.TS 

Hemoval  cf  Mineral  OH  and  Grease 

-In  die  Boucbeiville  case  smdy,  contaminant  concentration  was  reduced 
from  13.7(K)  mg/kg  to  3,800  mg/kg,  a  removal  rate  of  72%.  Treatment 
was  continued  for  48  weeks,  half  of  which  was  conducted  dming  the 
winter.  The  air  was  heated  and  blown  under  die  pQe  of  soil  during  the 
coldseason. 

In  the  Jonquiere  Case  study,  contamination  was  reduced  from 
54,100  mg/kg  to  17,100  mg/kg  during  the  treatment  period  which  was 
discontimied  after  28  weeks. 

The  Effects  of  Inoculation 

A  section  of  the  pile  in  Jonquiere  was  inoculated  during  the  course  of 
the  treatment  with  certain  bacteria  and  the  results  obtained  did  not 
demonstrate  the  effectiveness  of  such  a  procedure. 

The  Effects  of  the  Amendment 

A  section  of  the  pile  in  Boucherville  was  amended  with  peat  moss  and 
wood  shavings  to  enhance  soil  strucnire  and  permeability.  An  appraisal 


of  this  procedure  demonstrated  an  increase  in  hydrocarbon  removal 
rales  by  a  factor  of  20%. 

Mass  Balance 

The  mass  balance  was  calculated  for  the  Jonquiere  project 
Contaminants  initiallv|jresent  in  the  pile:  35,198.0  kg 

Contaminants  removtd  in  the  cotirse  of  treatment:      24,03 1.0  kg 

-  by  volatilization  139.4  kg 

-  by  biodegradadon  23,943.6  kg 

Potential 

-  Adaptability:  a  technology  which  may  be  implemented  in  urban  and 
residential  areas,  outlying  regions,  on-site  or  elsewhere,  etc. 

-  No  by-products  (no  liquid  or  other  types  of  residue). 

-  Simultaneous  degradation  of  secondary  organic  contaminants  in  the 
son. 

-  Once  the  soil  is  treated,  there  is  no  hydrocarbon  odour  and  no 
leachate.  ■ 

-  Significantly  lower  cokt  (-  $90/m')  than  most  other  choices,  s\ich  as 
membrane  encapsulated  landfill  or  thermal  treatment, 

Ltmhations 

-  DifBculty  in  attaining  the  decontamination  criteria  ("A-B"  or''B-C") 
in  highly  contaminated  soils  (>20,000  mg/kg  of  mineral  oils  and 
greases). 


-    Relatively  long  treatment  period  in  certain  cases  (between  18  and  40 
weeks),  for  example,  soils  with  high  contents  of  clay. 

Conclusicn 

The  project  demonstrated  that  the  procedure  is  efficient  in  reducing  con- 
tamination by  diesel  fuel  or  transformer  oil  by  ap>proximarply  70%  under 
nordic  climatic  conditions.  La  most  cases  of  contamination  (averaging 
20,000  mg/kg  or  less),  the  process  culminates  in  B-C  range  results 
(1000-5000  mg/kg).  By  optimizing  the  control  of  certain  operational 
parameteis,  a  75%  or  better  removal  rate  could  have  been  attained.  At 
the  end  of  the  treatment,  the  soil  is  biologically  stable,  free  of  hydrocar- 
bon odours  and  no  longer  leaches  contaminants.  The  cost  of  applying 
this  technology  is  estimated  at  S90  per  cubic  metre  and  includes  all 
operations,  from  the  initial  excavation  of  the  contaminated  soils  and 
their  return  following  treatment. 

FOR  MORE  INFORMATION 

The  project  was  earned  out  by  Biog^nie  inc. 

The  information  provided  in  this  summary  is  based  on  a  technical 
report  produced  in  October  1993  by  Biogenie  inc.,  entitled: 
Biotraitement  de  sols  contamin^s  par  des  huiles  de  transformateurs 
(Boucherville)  et  par  des  huiles  diesels  (Jonguiere). 

For  more  informatiftn.  please  contact: 

Technology  Devetopment  Section, 

Environment  Canada  (514)  2S3-9678 

Direction  de  la  coordination  de  la  recherche, 

Environnement  et  Faune  du  Quebec  (418)  643-2073 
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The  DESRT  (Development  and  Demonstradon  of  Site  Remediation 
Technology)  piogram  was  established  to  address  the  NCSRP  objective 
I  of  working  with  industry  to  stimulate  the  development  aixl  demonstra- 
'  tion  of  new  and  iraiovative  technologies  having  the  potential  to  resolve 
problems  which  are  critical  to  flie  enviroimiental  remediation  of  contam- 
inated sites. 


-  PROJECT  SUMMARY  • 


In  1989,  the  Canadian  Council  of  Ministers  of  the  Enviromnent 
(CCME)  established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-provincial-tenitorial  bilateral  agreements. 


I 


DESRT  SUPPORTED  TECHNOLOGY 

Biolysis™,  a  patented  technology  owned  and  developed  by  Sanexea. 
proceeds  by  the  extracellular  attack  and  transformation  of  hydrocarbons 
present  in  the  target  matrix,  allowing  a  high  rate  of  degradation  for  con- 
taminants that  are  sonnally  resistant  to  conventional  biotreatment  tech- 
niques. Initially  developed  using  oily  sludges  firom  petroleum  refineries, 
the  process  was  ;»Hapt<^H  in  1992  to  deal  with  contaminated  soils  and 
sediments.  The  process  lends  itself  to  applications  in  the  liquid  or  solid 
phase,  using  bioreactor  or  composting  systems.  The  tedmology  focusses 
on  making  largely  insoluUe  ccmpounds  such  as  mineral  oUs  physically, 
chemically  and  biologically  available  for  microbial  use  and  sid>seqoent 

inii>wn^|7at^nm 

The  DESRT  piogiam  svppoited  the  demonstradon  of  the  tedmology  as 
applied  to  the  in-sitn  rmwdialion  of  conrimiinatfd  sediments.  ISSOm'of 
sediments  were  decontaminated  in  a  project  that  was  performed  in  Ae 
sonmier  of  1993  at  a  site  in  Mansonville  in  the  Eastern  Townships 
r^on  of  Qudjec 

The  projea  was  financed  jointly  by  Environment  Canada,  the  Minist^ 
de  I'Environnement  et  de  la  Faune  du  Quebec,  Huntsman  Chemical 
Company  of  Canada  Inc.  and  Sanexen  Environmental  Services  Inc.  The 
total  cost  for  the  project  was  200  700$  and  the  DESRT  contribution  was 
61200$. 

CONTAMINATION  CHARACTERISTICS 

A  basin,  with  a  natural  soil  bottom,  had  received  effluents  from  a  poly- 
styrene manufacturing  plant  between  1975  and  1989.  With  a  new  water 
treatment  facihty  in  operation,  die  basin  was  decommissioned  and  the 
site  had  to  be  restored  to  an  environmentally  acceptable  condition. 
1350  m'  of  sediments  were  contaminated  at  an  average  concentration  of 
13  500  mg/kg  of  mineral  oil  and  grease  on  a  dry  weight  basis,  hydrocar- 
bons being  mostly  in  the  range  of  C17  to  C30.  No  decontamination  by 
heavy  metals  nor  by  halogenated  siibstances  was  involved  in  llus  projecL 


PROJECT  DEMONSTRA  TION  SUMMARY 

A  review  of  possible  remediation  technologies  indicated  that  biotreat- 
ment followed  by  soUdification  offered  the  best  potential  in  terms  of  a 
cost-benefit  analysis.  The  panners  used  this  project  to  carry  out  biotreat- 
ment in  a  manner  as  extensive  as  possible  using  the  innovative  approach 
proposed  by  Sanexen  and  to  avoid  having  to  resort  to  the  solidification 
of  leftover  contaminants. 

Processing  took  place  in-situ  over  a  period  of  ten  weeks  using  a 
hydraulic  dredge  together  with  aeration  and  mixing  equipment  to  induce 
the  required  extracellular  reactions  and  promote  the  desired  endocellular 
degrsdaticHL  Following  completion  of  treatment  and  of  testing,  &e  basin 
was  drained  and  backfilled. 

TECHNOLOGY  DEMONSTRA  TION  RESULTS 

Microscopic  observation  revealed  that  the  operational  strategies  used  in 
the  field,  namely  the  meJiod  of  acclimatization  and  the  control  of 
mechanical  shearing,  emulsification,  pH  and  of  the  cycle  of  dissolved 
oxygen,  were  successful  in  detaching  oil  from  the  solid  particules, 
breaking  down  the  droplets  to  a  smaller  size  and  in  inducing  hydrolysis 
and  cracking  of  the  hydrocarbons  as  evidenced  by  the  change  in  the 
colour  of  the  oil. 

It  was  observed  that  coarser  particules  were  washed  clean  in  die  first 
week  or  two  of  operatioiL  This  in  fact  created  difficulties  in  obtaining 
representative  samjdes,  since  the  time  and  location  of  sampling  greatly 
influence  the  grain  size  distribution,  and  therefore  die  contamination 
levels  in  the  samples.  Sampling  procedures  had  to  be  modified  from 
grab  sampling  t^nrng  operation  to  composite  sampling  following  a  peri- 
od of  shutdown  to  insure  overall  representativeness. 

A  rate  of  biochemical  degradation  of  340  mg/kg-day  was  achieved  in 
the  first  four  weeks  of  operation,  the  rate  diereafter  leveling  to  less  than 
50  mgA:g-day.  This  compares  to  a  natural  degradation  rate  of 
3  mg/kg-day,  as  estimated  from  the  disappearance  rate  between  the 
1989  and  1993  characterization  campaigns. 

After  ten  weeks  of  operation,  the  two  clean-up  objectives  of  the  project 
were  met,  namely  the  "B"  criterion  (1000  mg/kg)  and  the  Quebec  waste 
leachate  criterion  (30  mg/L)  for  mineral  oil  and  grease,  average  concen- 
trations of  920  mg/kg  and  of  03  mg/L  having  been  attained  re^>ective- 
ly.  The  technology  also  met  the  projea's  economic  objectives  with  cost 
of  remediation  totalling  $75  per  metric  ton  of  treated  material. 

Research  was  also  conducted  at  the  Department  of  Chemical  and 
Biochemical  Engineering  of  the  Unrveisity  of  Western  Ontario  to  evalu- 
ate the  nature  and  effects  of  biosurfactanis  in  the  process,  using  samples 
taken  at  different  periods  during  the  treatment.  Surface  tension. 


interfacial  tension,  and  emulsification/deemiilsification  results,  as  pre- 
sented in  Table  I,  showed  that  biosurfactants  were  present  and  have 
gradually  disappeared  as  the  biotreatment  jx'oceeded.  Through  gas  and 
thin  layer  chromatography,  compounds  falling  in  the  range  of  biosurfac- 
tants, were  detected.  These  compounds  with  a  structure  close  to  the 
structure  of  glycolmids,  accounted  for  5,9  mg/g  of  sludge  at  the  begin- 
ning of  treatment  ariB  for  1 ,6  mg/g  at  the  end  of  the  treatmenL 

Additional  experiments  indicated  that  biodegradation  can  also  be 
enhanced  through  the  external  addition  of  biosurfactants.  The  addition 
of  sophorose  lipids  obtained  through  fermentation  with  Torulopsis 
bombicola  produced  a  more  complete  elimination  of  the  hydrocarbons 
in  the  sediments  when  con^ared  to  the  controls. 

Within  the  scope  of  this  project,  the  technology  was  successfully 
demonstrated  such  that  the  cleanup  objectives  were  met  in  a  cost  effec- 
tive manner  and  the  site  could  be  reclassified.  Evaluations  for  other  sites 
and  applications  have  to  be  i>erformed  on  a  case  by  case  basis  and 
require  experience  as  well  as  careful  judgement,  each  combination  of 
contaminants  and  impacted  matrix  being  characterized  by  its  own 
behaviour,  making  sinmle  transposition  of  results  a  hazardous  exercise. 
The  approach  evaluated^  this  project  nevertheless  constitutes  a  signifi- 
cant development  beyond  conventional  biotreatment  methods  and 
extends  the  field  of  application  of  bioremediaiion- 


FOR  MORE  INPOKMATION 

The  project  was  carried  out  by  Sanexen  Environmental  Services  Inc. 
with  the  collaboration  of  Huntsman  Chemical  Company  of  Canada  Inc. 

The  information  provided  in  this  summary  is  based  on  a  technical 
report  prepared  by  Sanexen  Environmental  Services  Inc.,  entitled: 
IMveloppement  et  demonstration  d'une  technolopie  de  biodegradation 
en  phase  semi-solide.  Proc6de  de  Biolvse  "°  avec  drapape  . 

For  more  information,  please  contact: 

Technology  Development  Section, 

Enviromneat  Canada  (514)  2S3-967g 

Direction  de  la  coordination  de  la  recherche, 

Environnement  et  Faune  du  Quebec  (418)  643-2073 


Table  1 

Testrpsnlts 

on  the  sediments 

Parameter 

June  28 

July  28 

August  11 

Sept.  3 

Surface  tension  (mN/m) 

-  aqueous  supernatant 

58,27 

69.11 

70,4 

- 

-  organic  extract 

1905 

19.095 

18,975 

- 

Interfacial  tension  (mN/m) 

11,26 

22.90 

22,93 

/  — 

Emulsion  half-life  (min) 

2,7-5,5 

U-4.0 

seconds 

- 

Mineral  oil  and  grease  (mg/kg) 

13  500 

2110 

- 

920 
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In  1989,  ihe  Canadian  Council  of  Kfinisters  of  the  Environment 
(CCME)  adoxnviedged  the  need  for  a  consistent  -  national  tqiproadi 
far  &e  piiontization  and  remediation  of  high  risk  contaminated  sites 
in  Canada  In  re^xinse  to  this  need,  CCME  established  the  National 
Contaminated  Sites  Remediation  Program  (NCSRP),  \iliich  is 
supported  and  administered  throu^  federal-territorial  bilateral 

TheDESRT  (Development  and  Demonstration  of  Site  Remediation 
Tedmology)  program  is  a  component  of  NCSRP.  It  was  estabhshed 
to  address  the  NCSRP  objective  of  woridng  with  industry  to 
stimulate  the  development  and  demonstration  of  new  and  irmovative 
technologies  with  the  potential  to  resolve  problems  that  are  critical 
lo  the  enviioninental  remediation  of  contaminated  sites. 

DESRT SUPPORTED  TECHNOLOGY 

CBCL  T  imitf^  jQ  conjunction  with  the  PEI  Dq>aitment  of 
Agriculture  proposed  to  evaluate  composting  as  a  means  to 
remediate  petroleum  contaminated  soil  through  the  use  of  other 
organic  waste  materials  Financial  support  for  the  project  was 
provided  by  the  Canadian  Petroleum  Products  Institute  (CPPI)  and 
jointly,  by  die  PEI  Dqiaitment  of  Environment  and  Environment 
Canada,  under  die  auspices  of  the  DESRT  Program.  The  DESRT 
Program  provided  $85,000  towards  the  $  100,000  project  cost 

•  TECHNOLOGY  DESCRIPTION 

Composting  is  a  natural  biologic  process  of  decomposition  where 
crganic  solid  wastes  are  aerobically  degraded  into  conqx)st,  a  stable 
hmnus  like  substance  which  has  usefiil  properties  as  a  scnl 
conditioner.  The  processes  involved  stabilize  the  organics  so  they 
can  be  easily  and  safety  handled,  stored  and  appUed  to  land  without 
adverse  environmental  impact  The  heat  goierated  in  the  process 
destroys  human  pathogens.  Thus  composting  is  an  engineered 
biological  treatment  system. 

The  qiplicatioo  of  hydrocarbon  impacted  soils(HIS)  to  composting 
as  a  treatment  method  has  not  been  adequate^  addressed  In  1991 


e9q)erimentation  was  carried  out  on  HIS  with  potato  wastes  in  PEL 
The  results  were  positive  but  additional  work  was  required. 

This  study  was  carried  out  to  determine  if  conqxjsting  was  a  viable 
technology  for  the  treatment  of  hydrocarbon  impacted  soils  by 
inl^rating  the  HIS  with  the  compostable  fi:action  of  municipal  soUd 
waste  (MSW).  The  objective  of  the  study  was  to  carry  out  an  actual 
fidddemcnstratiaa  and  to  document  the  process.  The  impacted  soils 
were  mixed  in  varying  volumetric  measure  with  the  compostable 
fraction  of  municipal  soUd  waste  from  a  nearby  waste  management 
Qtility  and  the  degradation  of  the  hydrocarbon  was  monitored. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

The  demonstration  involved  the  acquisition  of  HIS  and  IvISW.  The 
soils  were  obtained  locally  and  were  described  as  very  fine  silty 
sands.  Diesel  oil  was  added  to  the  soils  onsite  to  a  targeted 
concentration  of  5000  Tng/k-g  The  conqxjstable  solid  waste  was 
obtained  from  a  successful  local  municipal  conqxjsting  operatioiL 

A  total  of  eight  windrow  piles  were  developed  at  the^site  (Figure  1 ). 
Eadi  pile  was  approximately  20  feet  long  and  8  feet  wide  with  a 
hd^  of  5  to  6  feet  Three  piles  were  to  be  used  as  control 
jnksOncluding  a  static  unturned  pile,  a  turned  pile,  a  biopQe  and  a 
100%  MSW  pile).  The  remaining  four  pfles  were  used  to  measure 
ftc  impart  of  increasing  the  volume  of  HIS  to  MSW  fixnn  a  ratio  of 
10%  IDS  to  90%  MSW  by  volume  in  pQe  1  to  40%  HIS  to 
60%  MSW  by  volume  in  pile  5. 

Piks  1  througb  6  were  turned  on  a  regular  basis  Aroug^Kxit  the 
dmlioa  of  the  project  The  turning  was  carried  out  by  a  local 
cootractor  ii^nng  a  Wldcat  windrow  turner  driven  by  a  110  Iq) 
tractor.  Piles  7  and  8  were  left  unturned.  Only  the  biopile  was 
covered  for  the  duration  of  the  project 

Monitoring  the  piles  involved  recording  physical  observations  and 
odoors,  and  collecting  gas  readings  using  a  variety  of  methods 
induding  hand  held  surveycKS,  tedlar  bag  saiiq)les  and  carbon 
desoiptiaQ  tubes.  Soil  sanq)lcs  were  anatyzed  for  total  petooleum 
hjdrocaibons  (TPH).  BTEX  and  m^als. 


Table  1  •  Removal  of  Fuel  OUs  and  TPH  In  the  Experimental  PBes 


Eadipile  was  provided  a  poly  sheet  with  leachate  cxjllection  system 
to  monitar  the  fomjalion  of  leachate  throughout  the  project 

Thepitgect  was  initiated  on  October  5  with  the  final  results  collected 
December  21, 1994.  The  ambient  temperature  at  the  demonstration 
site  effectively  ended  qpeiation  past  the  first  week  in  December. 


BEKfONSTRATION  RESULTS 

A  sommaiyaffhekey  results  of  the  study  are  shown  in  Table  1.  The 
tabic  indicates  the  level  of  treatment  accomphshed  following  the 
stu^.  Removal  rates  as  high  as  97%  were  attained  and  the 
casnpasaag  vras  found  Ip  be  more  effective  than  the  biopile  control 

Analysis  af&eicniainingcon^xtst  in  piles  1  through  5  also  indicated 
that  the  cooyost  met  guiddinesfiy  unrestricted  compost  application. 
Composting  of  oily  soils  is  an  effective  process  and  has  inherent 
advantages  over  biopiles. 

Tins  pirgect  opens  the  door  for  the  integration  of  HIS  treatment  into 
existing  and  proposed  conqxjst  operations  at  local,  municipal  and 
industrial  sites.  Other  waste  streams  in  axidition  to  compost  may  be 
cmsidoed  and  could  include  sewage  sludge,  hay,  sawdust,  etc. 


Pile  and  Treatment 

Removal  of 

TPH  r/.) 

Removal  of 
FueiOBrti) 

97 

98 

97 

97 

Pie 3:  80%v^compost 

93 

92 

Pie  4:  70%  v/^  compost 

90 

92 

PieS:  60%vA^compost 

88 

90 

Pie6:  0%  v/v  compost,  turned  control 

65 

68 

70 

75 

r»e  /:  0%  v/v  compost,  biopoe 

n.1        M        «w..         I                                 .... 

20 

40 

STATUS 

A  final  report  has  been  submitted  and  is  currently  being  reviewed. 

FOR  MORE  INFORMA  TION 

The  information  provided  in  this  summary  was  provided  by  Mr. 
Bruce  Strum,  formerly  of  CBCL  Ltd.  For  more  infonnation,  please 
contact' 

L  Kdler,  Envirmimeat  Canada,  (819)  953-0962 

D<ai  Jardine.  PEI  Dq)t  of  Environmenlal  Resources  (902)  368-5035 

W.  J.  D'Eon.  P.  Eng.  ,CBCL Ltd.,  (902)  421-7241 
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TABLE  1.    METALS  REMOVAL  FROM  SOIL  USING  DIFFERENT  EXTRACTANTS  (PHASE  I  STUDY) 


TASK 

TEST 
NO. 

REAGENT 

WASH 
TIME 

#  OF 
CYCLES 

REMOVAL  %  " 

Cd 

Cu 

Pb 

Zn 

Meta/Screening 

1-1 

Hot  Water  (40*C) 

2  hrs 

1 

0 

0 

50 

0 

1-2 

HCI  (pH  2) 

2  hrs 

1 

61 

32 

63 

35 

1-3 

Verseen  Tetra  (10%) 

2  hrs 

1 

56 

35 

63 

25 

1-4 

Kalex  Liquid  (10%) 

2  hrs 

1 

43 

28 

75 

6 

1-5 

Sequential:     Hot  Water  (40'C) 
HCl(pH  2) 
Verseen  Tetra  (10%) 

30  mm 
each 

1  ea 

50 

0 

12 

25 

Metal  Final 

2-1 

Kalex  Liquid  (10%) 

4  hrs 

2 

57 

27 

57 

22 

2-2 

Kalex  Liquid  (10%) 

4  hrs 

1 

41 

13 

54 

19 

2-3 

Kalex  Liquid  (20%) 

4  hrs 

1 

52 

4 

46 

19 

2-4 

Kalex  Liquid  (10%) 

8  hrs 

1 

54 

0 

37 

23 

2-5 

Sequential:     Ver»een  Tetra  (10%) 
HCI  (pH  2) 

2  hrs 
each 

1  ea. 

63 

35 

49 

28 

2-6 

Kalex  Liquid  (10%) 

24  hrs 

1     ■ 

52 

25 

54 

28 

*    hnse  time,  settling  time,  and  decantation  time  not  included 
"  on  dry  weight  basis 

TABLE  2.    METALS  AND  PCS  REMOVAL  FROM  SOIL  USING  DIFFERENT  SURFACTANTS  (PHASE  II  STUDY) 


TASK 

TEST 
NO. 

REAGENT 

WASH 

TIME 

CYCLES 

REMOViU.ifc 

**     : 

Cd 

Ca 

Pb 

2B 

P(» 

PCS  Screening— 

3-1 

Olin  4750  (0.25%) 

10  min 

1 

47 

25 

21 

25 

25 

3-2 

Redicote  E-11  (0.25%) 

10  min 

1 

52 

47 

42 

41 

46 

3-3 

Witconate  1223L  (0.25%) 

10  min 

1 

47 

46 

21 

32 

33 

3-4 

Tween  80  (0.25%) 

10  mm 

1 

43 

16 

0 

39 

8 

PCB  Final"* 

4-1 

Redicote  E-11  (0.5%) 

10  min 

1 

37 

25 

59 

34 

52 

4-2 

Redicote  E-11  (0.5%) 

10  mm 

2 

0 

12 

17 

12 

0 

4-3 

Redicote  E-11  (0.5%) 

30  min 

1 

0 

1 

44 

0 

6 

4-4 

Redicote  E-il  (0.5%) 

45  min 

1 

35 

38 

15 

38 

42 

rinse  time,  settling  time  and  decantation  time  not  included 
**  on  dry  weight  basis 
***  relative  removal  rates  only 


TABLE  3.    PCB  REMOVAL  FROM  SOIL  USING  DIFFERENT  BIOSLURRY  REACTOR  TREATMENTS  (PHASE  IB  STUDY) 


REACTOR 

OESCRJPTDN 

CONCEKTRATKJfJ  (Wfirtta)                1 

% 
REMOVAL 

initia!  (1991/1102) 

F%M!  (19^'WAI} 

1 

Raw  soil  *  aerobic  seed  +  nutrients 

1575 

2306 

0 

2 

Pretreated  soil  +  aerobic  seed  +  nutnents 

1193 

702 

41 

3 

Pretreated  soil  +  air  sparging 

1193 

719 

40 

4 

Pretreated  soil  *  surfactant 

1193 

954 

20 

5 

Pretreated  soil  *  anaerobic  seed  *  glucose  *  nitrogen  blanket 

1193 

708 

41 

1^1     Environnement    Environment 
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INTRODUCTION 

In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  In  Canada.  In  response  to  this  need, 
CCME  established  the  National  Contaminated  Sites 
Remediation  Program  (NCSRP),  which  Is  supported  and 
administered  through  federal-provlnclal-territorial  bilateral 
agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  program  Is  a  component  of  the 
NCSRP,  and  was  established  to  address  the  NCSRP  objective 
to  work  with  Industry  to  stimulate  the  development  and 
demonstration  of  new  and  Innovative  technologies  having  the 
potential  to  resolve  problems  which  are  critical  to  the  environ- 
mental remediation  of  contaminated  sites. 

A  technology  process  selected  for  participation  In  the  DESRT 
program  was  a  soil  washing  and  bloslurry  reactor  treatment 
process  for  soils  contaminated  with  a  combination  of  both 
heavy  metals  and  PCBs,  which  was  developed  by  Washburn 
&  Glllis  Associates  "Limited.  The  study  was  conducted  by 
Washburn  &  Glllis  In  association  with  Keystone  Environmental 
Inc.,  and  was  Jointly  funded  by  Environment  Canada,  New 
Brunswick  Environment,  and  the  vendor. 

SITE  HISTORY 

The  site  chosen  for  the  soli  for  the  bench-scale  testing  Is  a 
former  metal  scrap  yard  owned  by  Dominion  Metal  Ltd., 
located  In  Saint  John,  N«w  Brunswick.  The  scrap  yard,  which 
Is  now  owned  by  the  New  Brunswick  Department  of  Transpor- 
tation (DOT),  was  In  operation  from  1950  to  1974.  Its  oper- 
ations Included  removal  of  metals  such  as  copper,  lead  and 
zinc  from  electrical  transformers.  It  Is  likely  that  some  of  the 
transformers  also  contained  fluids  with  high  levels  of  PCBs. 
it  Is  believed  that  these  fluids  leaked  Into  the  soil  together 
with  dissolved  heavy  metals  such  as  cadmium,  copper,  lead 
and  zinc.  It  Is  estimated  that  at  the  site  approximately  21 0-648 
m'  of  soil  Is  contaminated  with  PCBs  and  heavy  metals. 

DESRT  SUPPORTED  WORK 

The  DESRT  program  supported  a  bench-scale  study  to 
determine  the  feasibility  of  soil  washing  and  bloslurry  reactor 


techniques  to  remove  PCBs  and  heavy  metals  from  soil  at  the 
former  scrap  yard.  High  concentrations  of  both  PCBs  and 
heavy  meUls  at  this  site  prevented  single  remediation 
technologies  from  being  considered  as  treatment  options.  The 
DESRT  Program  provided  $215,000  towards  this  project 

TECHNOLOGY  DESCRIPTION 

The  process  developed  by  Washburn  &  Glllis  Associates  Ltd. 
was  a  three-phase  approach  for  soil  clean-up.  The  first  phase 
Involved  the  removal  of  heavy  metals  from  the  soil  by  soli 
washing,  by  creating  a  slurry  of  soil  and  water  containing 
solvent  or  a  surfactant  In  a  vessel  and  agitating  the  mixture. 
The  second  phase  consisted  of  a  series  of  screening  tests  to 
identify  the  most  effective  surfactant  for  the  removal  of  PCBs. 
The  final  phase  was  the  removal  of  the  PCBs  using  a  bloslurry 
reactor  operated  under  anaerobic  and  aerobic  conditions. 

TECHNOLOGY  DEMONSTRATION  SUMMARY 

Soli  samples  exhibiting  higher  than  average  levels  of  contami- 
nation for  the  site  were  collected  and  prepared  for  testing. 
Near  surface  soils  comprised  primarily  of  gravel  and  sandy 
clay  were  collected  with  a  stainless  steel  spoon.  Soil  prepara- 
tion Involved  drying,  mixing,  splitting,  and  sieving  to  obtain 
relathrely  homogeneous  test  samples. 

The  assessment  of  treatment  technologies  was  undertaken  In 
three  phases.  Phase  I  consisted  of  a  series  of  screening  tests 
to  Identify  the  most  effective  extractant  for  the  removal  of 
metals  and  a  second  series  of  tests  to  optimize  the  experi- 
mental conditions.  The  tests  were  conducted  using  a  Jar  test 
unit 

Phase  II  consisted  of  a  series  of  screening  tests  to  identify 
the  most  cffectWe  surfactant  for  the  removal  of  PCBs  and  a 
second  series  of  tests  that  evaluated  the  effects  of  Increased 
wash  cycle  and  extraction  time  on  the  process  performance. 
In  all  Phase  II  tests,  the  test  slurry  was  prepared  at  a  soil  to 
water  ratio  of  1:3  by  %veight  Phase  II  tests  were  conducted 
using  a  Denver  soil  washing  unit 

Phase  III  consisted  of  the  bloslurry  reactor  treatment  and 
InvoWed  the  setting  up  of  five  experimental  reactors  with 
dlfferenttreatmcnt  conditions.  The  reactors  were  constructed 
from  standard  one-gallon  glass  jars.  The  jars  were  wrapped 
In  aluminum  foil  to  reduce  light  penetration  Into  the  reactors. 


Five  hundred  grams  (dry  weight)  of  pretreated  soil  were 
placed  In  each  reactor  to  which  was  added  2500  ml  of  tap 
water.  Pretreatment  Included  a  surfactant  wash,  an  NaOH 
rinse,  an  HCL  wash  and  a  tap  water  rinse. 

The  aerobic  seeil  added  to  the  reactors  was  obtained  from 
supernatant  collated  from  a  four  week  aerobic  seed  reactor 
containing  raw  site  soli.  The  anaerobic  seed  was  obtained 
from  an  anaerobic  sludge  collected  at  a  chlorine  bleach  paper 
mill.  A  variable-speed  mixer  with  an  impeller  was  placed  in 
each  reactor  to  provide  constant  mixing.  After  startup,  dally 
monitoring  was  performed  of  the  bioslurry  reactors  and 
included  temperature,  pH  and  dissolved  oxygen  measure- 
ment*. Four  reactors  were  operated  for  ten  weeks  and  one 
for  fourteen  weeks.  Test  samples  were  analyzed  for  PCBs, 
metals,  bacterial  counts,  moisture  content  TOC,  and  chloride 
after  startup  and  upon  completion  of  the  reactor  studies. 

DEMONSTRATION  RESULTS 

Results  reported  fo^i^e  soil  washing  study  In  Table  1  show 
that  acid  extraction  at  a  pH  of  2  achieved  the  maximum  overall 
removal  of  metals  among  the  various  extractants  tested. 
Cadmium  was  reported  to  have  been  reduced  from  22  mg/kg 
to  8.5  mg/kg;  copper  from  24,8000  mg/kg  to  16,800  mg/kg; 
lead  from  22,800  mg/kg  to  8,420  mg/kg;  and  zinc  from  4,130 
mg/kg  to  2,700  mg/kg. 

Due  to  the  superior  wetting  characteristics  of  Kalex  liquid  and 
the  operational  constraints  associated  with  the  use  of  hydro* 
chloric  acid  (e.g.  fume  emission),  Kaiex  liquid  was  eventually 
selected  as  the  metal  extractant  of  choice. 


The  results  of  the  Phase  11  surfactant  study  are  provided  in 
Table  2.  In  the  Phase  11  study,  Redlcote  E-11  was  reported  to 
result  In  the  greatest  removal  of  PCBs  and  metals  for  the  four 
surfactants  tested.  Use  of  Tween  80  was  reported  to  have 
resulted  in  the  lowest  percent  removal  of  contaminants. 
Follow-up  tests  with  Redlcote  E-11  at  double  the  initial 
concentration  reportedly  Indicated  greater  removal  of  PCBs, 
lead  and  zinc.  Increasing  wash  time  and  wash  cycles  report- 
edly did  not  enhance  recovery  of  contaminants.  The  Phase  ill 
study  results  are  presented  In  Table  3,  and  show  estimated 
PCB  removal  rates  for  the  five  bioslurry  reactor  treatments. 
Treatment  2  (pretreated  soil  -•-  aerobic  seed  ■*■  nutrients)  was 
reported  to  have  resulted  In  the  greatest  percent  reduction  in 
PCBs  (41%). 

STATUS 

The  soil  washing  and  slurry  bloreactor  treatability  study  was 
completed  In  the  fall  of  1992.  A  final  report  has  been  sub- 
mitted and  approved  by  the  technical  review  committee. 
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FIGURE  1.   SOIL  WASHING  /  TREATMENT  DIAGRAM 
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Introduction 

In  1989,  the  Canadian  Council  of  Ministers  of  the  Envinanment 
(CCME)  acknowledged  the  need  for  a  consistent  national  approach 
for  the  prioritisation  and  remediation  of  high  risk  contaminated 
sites  in  Canada.  In  response  to  this  need,  CCME  established  the 
National  Contaminated  Sites  Remediation  Program  (NCSRP), 
which  is  supported  and  administered  through  federal-provincial- 
territorial  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediation  Technology)  Program  is  a  component  of  the  NCSRP, 
and  was  estabhshed  to  address  the  NCSRP  objectives.  These 
objectives  consist  of  woiidng  with  industry  to  stimulate  the 
development  and  demonstration  of  new  and  innovative 
technologies  having  the  potential  to  resolve  problems  that  are 
critical  to  the  environmental  remediation  of  contaminated  sites. 

A  research  project  selected  for  participation  in  the  DESRT 
program  was  the  study  of  air  flow  characteristics  of  fractured 
sandstoDe  bedrock  and  the  t^pUcation  of  air  sparging  at  petroleum 
contaminated  site. 

Technology  Application 

Many  contaminated  sites  have  hydrocarbons  adsorbed  within  tiie 
soil  and  fractured  sedimentary  bedrock  above  the  groundwater 
table.  Air  sparging  has  the  potential  to  not  only  expedite  the  rate 
of  remediation,  but  to  clean  sites  to  a  lower  level  of  contanunation 
than  with  only  a  pump  and  treat  system.  Contaminated  sites  with 
underlying  fractured  bedrock  provide  a  particular  challenge  due  to 
the  uiqjredictable  migration  of  potentially  explosive  vapours  along 
bedrock  joints  and  fractures.  As  a  result,  the  appUcation  of  air 
sparging  must  include  the  installation  of  a  properiy  engineered 
vapour  extraction  system  (VES)  to  capture  and  eliminate  the 
vapour  plume. 


DESRT  Supported  Work 

The  study  is  being  carried  out  by  ADI  Nolan  Davis  and  is  jointly 
fimded  ($68  000)  by  Environment  Canada  and  the  New  Brunswick 
Department  of  the  Environment  xmder  the  DESRT  program. 

The  goal  of  the  project  is  to  develop  a  generic  methodology  to 
delineate  the  air  flow  and  gas  diSlision  characteristics  of 
iin«aitiirntpH  zoocs  located  in  fractured  sedimentary  bedrock  throu^ 
the  completion  of  a  tracer  gas  study.  The  interpreted  migration 
patterns  of  the  tracer  gas  will  be  used  to  predict  the  movements  of 
the  vapour  plume  fonned  by  sparging.  The  on-going  sparging 
systan  will  be  monitored  to  determine  its  efiBciency  to  remediate 
hydrocarbon  contamination. 

Site  Description 

The  site  for  this  project  is  a  former  service  station  located  in 
Chatham,  NB.  The  stratigraphy  consists  of  0.5  to  2.0  m  of 
granular  soils  overlying  fractured  sandstone  bedrock.  The 
groundwater  table  is  located  within  the  bedrock  at  about  2  to  3  m 
below  the  ground  surface,  with  petroleum  contamination  detected 
within  the  bedrock,  in  both  saturated  and  imsatiirated  zones. 

The  remediation  of  the  site  was  initiated  in  November  1 994  with 
the  removal  c^  contaminated  soil  and  some  of  die  weathered 
bedrock  within  a  Umited  area.  Basedonthe  DESRT  si^port  for 
this  air  sparging  study,  the  site  owner  has  apparently  decided  to 
implement  an  air  ^arging  system  as  part  of  the  site  remediation 
program  and  tentatively  replace  the  initially  planned  pump  and 
treat  system  (air  stripper).  The  installation  and  operation  of  the 
sparging  system  will  be  carried  out  in  conjimction  with  this 
DESRT  project. 


?r6U 


Project  Description 

The  project  is  divided  into  5  components:  drilling  and  installation 
of  vapour  monitoring  probes,  air  permeability  tests,  tracer  gas 
study,  air  sparging  tests,  interpretation  and  reporting.  The  probes 
were  installed  in  December  1 994,  while  the  air  permeabihty  testing 
will  be  carried  out  in  February  1995,  and  the  tracer  gas  study 
during  the  spring  of  1995. 

Vapour  Monitoring  Probes  Installation 

Twenty  vapour  monitoring  probes  were  installed  within  the  vadose 
zone  at  twdve  locaticns  and  to  depths  varying  from  0.5  m  to  3.5  m 
below  CTOund  surface.  The  vapour  monitoring  probes  suiroimd 
ftree  ^»^g  points  vAudi  have  a  total  of  7  sparging  ports  each. 
The  vapour  monitoring  probes  consist  of  25  mm  threaded  PVC 
piping  with  a  0.5  m  to  1 .0  m  screened  section  located  at  the  base 
of  the  borehole.  A  coarse  sand  pack  was  placed  around  the 
screened  section  and  a  bentonite  seal  was  placed  on  top  of  the 
gravel  pack  to  limit  the  inflow  of  air  from  the  surface. 

Air  Permeability  Tests 

Air  pcrmeabili^  tests  will  be  conducted  within  the  vadose  zone 
using  vapour  extraction  techniques.  The  effects  of  air  withdrawal 
will  be  monitored  in  adjacent  (monitoring)  wells  in  order  to 
determine  the  air  permeabihty  and  the  radius  of  influence.  This 
will  provide  an  indication  of  expected  results  fitnn  the  tracer  gas 
study.  Methane  levels  will  be  measured  in  order  to  obtain  a 
background  level  prior  to  the  tracer  gas  study  being  carried  out 

Tracer  Gas  Study 

A  vadose  zcaie  tracer  gas  study  will  entail  the  injection  of  an  easily 
detected  inert  gas  into  differing  locations  uithin  the  vadose  zone  at 
varying  distances  away  from  the  vapour  extraction  well.  The 
vapour  extraction  well  will  be  subsequently  monitored  for  the 
detection  of  the  gas.  The  temporal  and  spatial  movement  of  the 
tracer  gas,  in  the  subsurface,  will  be  monitored  through  the  vapour 
monitoring  jjrobes. 

Two  gases  are  being  evaluated  for  use  in  the  study:  sulfur 
hexafluoride  (SF,)  and  methane.  Methane  is  mne  practical  for 
regular  field  application  since  it  does  not  require  the  use  of  a  gas 
chromalograph,  as  does  the  SF,.  However,  the  detection  of  high 
background  concentrations  would  prevent  the  use  of  methane  as  a 
tracer  gas.  The  choice  of  the  tracer  gas  will  be  finalized  based  on 
the  background  methane  conceatratioiis  measured  during  the  air 
permeability  testing. 


In  order  to  perform  the  tests,  a  measured  volume  of  tracer  gas  will 
be  injected  at  a  rate  of  approximately  5-10  litres  per  minute 
(Ltein).  Tracer  gas  volumes  will  be  measured  utilizing  standard, 
low-flow  capacity  flowmeters.  Once  the  void  volume  of  the 
injection  point  are  filled  with  tracer  gas,  the  flow  rate  of  the  gas 
will  be  reduced  to  avoid  a  significant  local  pressure  change  at  the 
injection  point  During  and  following  injection  of  the  tracer  gas, 
the  extraction  well  discharge  will  be  monitored  with  a  continuous 
monitoring  detector.  The  tracer  gas  'travel  time'  within  the 
subsurface  is  the  primary  parameter  being  sought  in  this  study. 

Air  Sparging  Test 

Based  on  the  flow  characteristics  obtained  firam  the  air 
permeabihty  tests  and  the  tracer  gas  study,  predictable  flow 
patterns  in  the  v-adose  zone  will  be  identified.  The  air  flow  patterns 
that  might  be  identified  will  be  used  to  assess  the  effectiveness  of 
the  tracer  gas  study  for  the  implementation  of  air  sparging  in 
fi^ctured  bedrock. 

Status 

A  final  report  and  a  field  manual  detailing  all  procedures  utilized 
during  the  project  is  exjjected  in  the  suimner  of  1 995. 
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Introduction 


.A 


In  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  prioritization  and  remediation  of  high  risk 
contaminated  sites  in  Canada.  In  response  to  this  need,  the 
CCME  established  the  National  Contaminated  Sites 
Remediation  Program  (NCSRP),  which  is  supported  and 
administered  through  federal-provincial-territorial  bilateral 
agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediaiton  Technology)  Program  is  a  component  of  the 
NCSRP,  and  was  estabUshed  to  address  the  NCSRP  objectives 
of  working  with  industry  to  stimulate  the  development  and 
demonstration  of  new  and  innovative  technologies  having  the 
potential  to  resolve  problems  which  are  critical  to  the 
environmental  remediation  of  contaminated  sites. 

A  research  project  selected  for  participation  in  the  DESRT 
program  was  the  study  of  chemical  tracers  in  fractured  porous 
sandstone  for  the  characterization  flow  regimes.  The  study  was 
jointiy  funded  by  Environment  Canada  and  the  New  Bnmswick 
Department  of  the  Environment  imder  the  DESRT  program. 

Technology  Application 

Gemtec  Ltd.  is  a  New  Brunswick  owned  and  operated 
consulting  company  providing  expertise  on  geotechnical 
engineering  for  structures,  utiUties  and  infrastructure,  all  aspects 
of  the  groundwater  resource,  its  protection  and  remediation,  and 
provides  quality  control  and  testing  services  for  engineering 
construction. 

The  objective  of  the  DESRT  project  will  be  to  evaluate  the  use 
of  chemical  tracers,  as  a  supplement  to  conventional  hydraulic 
testing,  in  the  characterization  of  fractured  porous  sandstone 
flow  regimes. 


Approximately  one  half  of  the  province  of  New  Brunswick  is 
underlain  by  Pennsylvanian  sandstone,  a  fractured  and  porous 
bedrock  material  which  is  often  exploited  for  water  supply 
purposes.  The  release  of  contaminants  such  as  petroleum 
hydrocarbons  into  these  aquifers  poses  a  risk  to  nearby 
groundwater  resources. 

When  conducting  an  assessment  of  the  contaminant  flow  regime 
in  these  fractured  porous  sandstones,  it  is  often  difficiilt  to 
predict  flow  directions  and  rates  using  conventional  techniques. 
Hydrauhc  testing  in  the  field  can  alternatively  be  supplemented 
by  the  introduction  and  monitoring  of  chemical  tracers.  Such  an 
approach  may  lead  to  a  better  assessment  of  groundwater  and 
contaminant  flow  through  bedrock  enviromnents. 

Site  History 

Field  programs  will  be  carried  out  at  two  sites  in  New- 
Brunswick.  At  Site  A,  a  gasoline-contaminated  groundwater 
plume  is  currently  being  remediated  by  a  pim^  and  treat  system. 
A  forced-gradient  tracer  test  will  be  carried  out  at  tMs  site.  Site 
B  will  be  an  appropriately  chosen  sandstone  quarry  where  the 
geology  is  well  suited  for  natural  and  forced-gradient  tracer 
tests. 

DESRT  Supported  Work 

Funding  in  the  amount  of  $65,000.00  was  provided  by  the  New 
Brunswick  Department  of  the  Environment  and  Environment 
Canada.  Provincial  funding  as  made  available  tiuough  the 
Envirorunental  Trust  Fund. 

Project  Description 

A  protocol  for  tracer  addition  and  monitoring  in  various 
Itydrogeological  settings  will  be  established  based  on  die  resiilts 
of  bench  scale  and  field  studies.  The  laboratory  work  will 
involve  column  experiments  and  the  determination  of  matrix 
characteristics  of  rqiresentative  sandstone  samples. 


At  both  sites  proposed  for  the  study,  average  linear 
groundwater  velocity  and  effective  porosity  will  be  determined. 
.  A  model  will  then  be  developed  for  estimating  the  relationship 
between  porosity  and  groundwater  velocity  based  on  intact  and 
fractured/sandstone  characteristics. 


TheNBDHCS  reviewed  the  use  of  sodium  bromide  (NaBr)  as 
a  groundwater  tracer  and  ruled  that  its  use  could  not  be 
supported  on  toxicological  grounds. 

SUtus 


Current  Results 

Following  a  literature  review  and  bench-scale  testing,  the 
conservative  groundwater  tracer  sodiimi  bromide  (NaBr)  was 
chosen  for  the  field  testing.  Bromide  has  been  used  successfully 
as  a  conservative  groundwater  tracer  in  several  field  studies 
including  the  Borden  Tracer  study.  It  behaves  similarly  to 
chloride  but  exists  at  much  lower  concentrations  in  most  natural 
groundwater  envirorunents.  Also,  the  bromide  ion  can  be 
detected  at  concentrations  of  0.5  mg/L  using  inexpensive 
portable  equipment  (Bromide  (Br)  can  be  detected  in 
groundwater  )^y  specific  conductance  but  the  total  dissolved 
solids  (TDS)  &re  too  high  to  use  this  method  at  the  proposed 
field  sites).  Instead,  a  procedure  using  spectrophotometry  was 
refmed,  permitting  analysis  of  a  large  number  of  groundwater 
samples  in  the  field.  The  two  analytical  methods  were 
compared  in  the  laboratory  column  tests.  The  results  are  shown 
below. 

The  colunm  tests  were  performed  using  a  constant  head 
permeameter  apparatus.  The  column  was  filled  with  a  uniform 
sand  and  steady  flow  conditions  were  achieved  prior  to 
introducing  the  tracer.  The  tracer  was  then  introduced  at  a 
constant  rate  and  concentration.  Breakthrougji  curves  were 
generated  and  used  to  calculate  the  groundwater  velocity  and 
dispersivity.  The  objectives  of  these  column  experiments  were 
to  confirm  the  bromide  was  a  conservative  tracer  and  to  evaluate 
the  spectrophotometry  method  which  had  been  developed  to 
measure  bromide  concentration.  Column  experiments  using 
chloride  and  bromide  produced  similar  breakthrough  curves, 
confirming  that  the  letter  would  be  a  suitable  choice.  It  was 
also  demonstrated  that  the  chosen  spectrophotometric  technique 
could  be  used  successfiilly  in  the  field. 


The  bench-scale  component  of  the  work  is  now  complete. 
Rhodamine  (Wt)  is  now  being  considered  as  a  replacement 
tracer  dye  although  the  non-conservative  nature  of  this 
compound  renders  it  less  suitable  for  the  intended  purpose. 
Field  work  has  been  halted  until  this  matter  can  be  resolved. 
An  old  quarry  site  was  developed  for  tracer  testing  but  the  site 
was  abandoned  due  to  vandalism.  Other  field  quarry  sites  are 
currently  being  evaluated. 


This  Project  Description  was  prepared  by  Gemtec  Limited  for: 
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Prior  to  field  testing,  the  New  Brrmswick  Department  of  Health 
and  Community  Services  (NBDHCS)  was  consulted  for  tiieir 
input  since  existing  toxicity  data  indicated  that  at  hi^ 
concentrations  (>S80  mg/L),  bromide  produces  toxic  effects  in 
laboratory  animals. 
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Introduction 

Id  1989,  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  acknowledged  the  need  for  a  consistent  national 
approach  for  the  pnoritization  and  remediation  of  high  risk 
contaminated  sites  m  Canada.  In  re^xHise  to  this  need,  the  CCME 
established  the  National  Contaminated  Sites  Remediation 
Program  (NCSRP),  which  is  supported  and  administered  through 
federal-pro\Tncial-temtoriaI  bilateral  agreements. 

The  DESRT  (Development  and  Demonstration  of  Site 
Remediaitoo  Technology)  Program  is  a  ccnnponent  of  the  NCSRP, 
and  was  estabhshed  to  address  the  NCSRP  objectives  to  work 
with  industn.'  to  stimulate  the  development  and  demonstration  of 
new  and  innovative  technologies  havmg  the  potential  to  resolve 
problems  which  are  critical  to  the  environmental  remediation  of 
contaminated  sites. 

A  research  project  selected  for  participation  in  the  DESRT 
program  was  the  study  of  peat  moss  as  filters  in  leachate 
management  The  study  was  jointly  funded  by  Environment 
Canada  and  the  New  Brunswick  Department  of  the  &i\ironment 
under  the  DESRT  program. 

Technology  Application 

Gemtec  Ltd  is  a  New  Brunswick  owned  and  operated  consulting 
company  providing  expertise  on  geotechmcal  engineering  for 
structures,  titilities  and  infrastructure,  all  aspects  of  the 
groimdwater  resource,  its  protection  and  quahty  control  and 
testing  SCTvices  for  engineering  construction. 

The  main  objective  of  the  DESRT  project  was  to  evaluate  the  use 
of  peat  moss  for  the  decontamination  of  groundwater  at  or  near 
waste  disposal  sites.  Peat  moss  is  an  abundant  resource  in  New- 
Brunswick  and  its  use  presents  a  cost  effective  alternative  for 
removing  contaminants  such  as  heavy  metals,  nutnents  and 
organic  compounds  from  groundwater. 


Background 

The  potential  fix  groundwater  contamination  due  to  leachate  from 
unccmtrolled  soUd  waste  disposal  sites  (dumps)  is  a  widespread 
environmoital  concern.  It  is  therefore  ingxjrtant  that  treatment 
technologies  be  developed  to  effectively  control  and 
decaitammate  groundwater  at  or  near  these  sites. 

In  New  Brunswick  NBDOE  is  cunently  implanenting  a  program 
to  close  more  dian  1 50  dumps  in  the  province,  to  be  rqjlaced  by 
a  number  of  regional  waste  management  facilities.  Although  the 
dumps  will  be  decommissioned  following  strict  guidelines,  the 
protection  of  surroimding  groimdwater  resources  remains  a 
concern. 

DESRT  Supported  Work 

Gemtec  Ltd  received  fvmding  from  the  DESRT  program  to  carry 
out  a  stud\'  to  evaluate  the  potential  of  New  Brunswid:  peal  moss 
as  a  filter  in  the  management  of  landfill  leachate.  Total  fimding  of 
$35,000.00  was  provided  by  New  Brunswick  Department  of  the 
Environmait  and  Environment  Canada.  Provincial  fimding  was 
made  available  tbmngb  the  Environmental  Trust  Fund. 

Project  Description 

Phase  one  of  the  project  consisted  of  bench-scale  experiments  to 
evahiale  the  filtering  capacity  of  New  Brunswick  ^hagmmi  peat 
and  to  detamine  optimum  opCTating  conditicms  for  full-scale 
systems.  Vertical  columns  packed  with  peat  were  used  to  assess 
the  effects  of  bed  thickness,  CH^?nic  loading,  bed  cooqiactian, 
hydrauhc  loading  and  changes  in  leachate  parameters  such  as  pR 
The  potential  hfe  of  the  peat  biofiltCTs  and  the  advantages  of 
q)erating  several  biofilters  m  series  was  also  studied 

Riase  two  will  involve  construction  of  a  larger  scale  biofilter  unit 
at  one  of  the  durc^  sites  in  the  province.  The  impacts  of 
conditions  such  as  precipitation  and  fiieezing  temperatures  will  be 
studied  Fmally,  disposal  options  for  spent  filters  will  be 
evaluated  and  overall  operatmg  costs  for  biofilter  systems  will  be 
estimated 


Demonstration  Results 

The  results  to  date  indicate  that  sphagnum  peat  can  be  used 
efiFectively  to  treat  leachate  and  contaminated  groundwater  at 
waste  di^xjsd/ sites.  The  contanunant  removal  rates,  achieved  to 
date,  are  list^  in  Table  1 . 

Other  data  suggests  that,  in  general,  there  is  no  significant 
difference  in  treatment  cfBcienc}'  for  hi^  (12  cm/d)  and  low 
(4  cm/d)  hydraulic  loading  rates.  There  is,  however,  a  marked 
difference  in  performance  with  bed  depth;  hi^er  removal  rates 
being  observed  in  the  60  cm  versus  the  30  cm  columns. 

Compaction  of  the  bed  did  not  appear  to  have  an  impact  on 
removal  rates,  however,  hi^o"  bed  compaction  caused  significant 
flow  resistance  through  the  column. 
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For  farther  information  on  this  project  or  the  NatioDal 
Contaminated  Sites  Remediation  Program,  please  contact: 


Louise  Steward,  NBDOE 
(506)  457-4848 


The  data  to  date  strongly  suggests  that  peat  biofilters  either  alone 
cr  in  combinatioi  vith  other  stages  of  treatment  will  meet  current 
regulatory  standards. 

SUtas 


Robert  Lutes,  P.Eng  -  Gemtec  Ltd 
(506)453-1025 

Lisa  Keller,  Environment  Canada 
(819)953-0962 


The  bench-scale  phase  ofthewOTk  has  been  completed.  The  field 
component  of  the  study  will  be  initiated  in  April,  1 995. 


Table  1  Biofilter  Effluent  Quality  vs.  Hydraulic  Loading 


Raw 

Leachate 

Hydraulic  Loading 

Bed  Thickness 

Bed  Compaction 

(pm/cm') 

4  cm/d 

8  cm/d 

12  cm/d 

30  cm 

60  cm 

0.20 

0.25 

Total  Suspended  Solids 

130 

3 

3 

7 

20 

6 

2 

3 

Biochemical  Oxygen  Demand 

940 

2 

2 

9 

300 

4 

4 

3 

Chemical  Oxygen  Demand 

1500 

190 

420 

640 

630 

160 

350- 

400 

Chromium 

12.7 

0.02 

0.02 

0.02 

3.2 

■0.00 

0.00 

0.00 

Nickel 

0.02 

0.02 

0.02 

0.02 

0.00 

0.00 

0.01 

0.00 

Iron 

89.7 

0.13 

0.45 

0.37 

0.09 

0.06 

0.09 

0.10 

Copper 

0.0 

0.0 

0.0 

0.0 

0.00 

0.00 

0.01 

0.01 

Zinc 

0.09 

0.05 

0.03 

0.02 

0.08 

0.15 

0.12 

0.06 

PH 

6.84 

3.44 

3.61 

4.11 

2.98 

2.97 

3.06 

3.06 

All  results  except  pH  are  in  mg/L 
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